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(54) Semiconductor optical device apparatus 

(57) This application discloses a semiconductor 
optical device apparatus having on a substrate, at least 
a compound semiconductor layer containing an active 
layer, a protection film having a stripe-shaped opening 
formed on the compound semiconductor Werj»nda 
ridge type compound semiconductor tayer formed^ to 
J, the stripe-shaped opening having a amaHer 
refractive index than the retractive index of the active 
layer, has a feature that a width (Wc) at an opening 
center of the stripe-shaped opening Is 
either or both of a width (W F ) Of the opening front end 
and a width <W B ) of the opening rear end. According to 
the invention, a semiconductor optical device apf*^ 
capable of operating with a high output, and a eemicon- 
duc^ optica, device apparatus r^lr^asmaH b^m 
epot diameter, and tho like can be manufactured where 
the width of the stripe-shaped opening Is properly con- 
trolled. 
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Description 

[00011 This invention relates to a semiconductor 
optical device apparatus such as a semiconductor laser 
or a semiconductor optical amplifier. 

ptflicrtation nf printed Art 

[00021 A structure so-called as a ridge waveguide 
type is frequently used to easily produce semiconductor 
optical device apparatuses. Fig. 4 shows a manufactur- 
ing method tor such a structure. .*n*„^ 
First an n-type clad layer 402. an active layer 403. a p- 
tvce'clad layer 404. and a p-type contact layer 405 are 
formed on a substrata 401. Subsequently, a Presto 
408 having stripe openings as a pattern made by photo- 
lithography Is formed on a water surface to f«m a stope- 
shaped ridge by a wet etching process using the pho- 
toresist as a mask so that the i>clad layer remains with 
a prescribed thickness. A protection film 409 havmg 
insulating property is formed on the whole wafer sur- 
face; the protection film at a top of the ridge n i removed 
by photography; and a p-side electrode 410j and an 
n-stde electrode 411 ere formed. The ndge sfructure 
thus formed can make the transverse mode tor laser 
oscillation stabilized and can reduce the threshold cur- 

[00031 However, with such a conventional manufac- 
turing method tor ridge waveguide type semiconductor 
optical device apparatus, because the ridge portonis 
formed by an etching, it is difficult to control the thick- 
ness of the dad layer in a non-ridge portion 408 wrth 
high accuracy. As a result, slight differences .n the truck- 
ness of the clad layer In the non-ridge portion make the 
effective refractive index greatly deviated at that porton. 
thereby making the laser property of the semiconductor 
optical device apparatus deviated and Improvements m 

product yields not easily obtainable. 

[0004] To solve such a problem, a method has been 
proposed tn which the thickness of the clad layer of the 
non-ridge portion is determined using a cry^Wth 
rate during the crystal growth, in which ajwotertton Mm 
is formed at the non-ridge portion, and in which the 
ridge portion Is re-grown (see generally. 0P-A-5- 
2?o22. JP-A-9-199791. JP-A-10-326.934. JP-A- 
326935 JP-A-10-326.936. JP-A-326,937, JP;A- 
326.938, JP-A-10-328.945). Fig. 5 Shows P^UC'"9 
method and structure for such a laserdev.ce. Whentha 
ridge portion Is formed, a layer is selectively re-grown in 
using a protection film 506 as a mask on stripe shaped 
Openings 507. and a p-type second clad layer 508 and 
ap-type contact layer 509 are sequentially accumulated 
with trapezoid cross-sectional shapes according to .so- 
uopio nature In the growth rate with respect 
emation, with this method, the thickness of thap-Vpe 
first clad layer 504 In the non-ridge portion can be con- 



trolled with high accuracy, so that the effective refractive 
index can be controlled easily. 
[00051 However, the semiconductor optical device 
thus manufactured by this method also raises a prob- 
s lorn. For example, the ridge waveguide type laser asset 
forth in jp-A-s-121.822 should have a ndge width 
around one micron at the ridge top if an optical 
waveguide structure is manufactured to achieve a single 
fundamental transverse mode. Consequently because 
id the contact area between the contact layer and the elec- 
trode becomes so email, the contsctr^istance 
between the contact layer and the electrode may 
S^e.a£laserch^ 

deteriorated due to oxidized surfaces of he clad layer at 
« thVrSe side wafl. Trustors, it is difficult to improve the 

[0006? ^In'the caee of the ridge waveguide type laser 
as set forth in JP-A-199,791. because the bottommost 
portion of the ridge becomes In a reversed-mesa shape, 
so the contact layer may not be formed. *"**<°^* 
problems such thatthedevlee is easily oxidized and that 
the life time may be adversely affected- Smce the elec- 
trode is not easily formed at the bottommost portion of 
the ridge, the interconnection may be cut. thereby creat- 
* ^ a pribtem that the production yield is ^adversely 
affected. Therefore. It is demanded to proy.de a semi- 
conductor optical device apparatus with high reliability 
and good yield in manufacturing. 
10007] Meanwhile, optical discs are made wrth a 
so higher recording density these days, and f^r^to 
this, light sources are developed vigorously. To mate 
smaller the condensed spot diameter on a dec plate, 
practical use of red lasers (635 to 690 nm), instead of 
near infrared lasers (around 780 nm). begins. andWue 
as semiconductor lasers having wavelength of around 400 
to 420 nm. though in a stage of developments, are 
about to achieve longer lifetime In a CW operation. On 
the other hand, to tocus the spot on the dtec ptefe by 
condensing the laser beam, fha laser beam ispreferably 

ao termed in a shape closer to a circular shape, factu- 
ally, the beam divergence angle in a nonzontal direction 
in a face parallel to the active layer is about one third in 
ollnparison with that in the vertical direction.Gener^ 
a widened light intensity profile at fhe end face of toe 
« laser beam emission in the transverse direction causes 
tteaTveroencear^lnmehwIzor^^^ 
small. A beam having an divergence in a shape closer 
to a circular shape can be obtained by narrowing the 
width of the stripe-shaped openirw end by 
so optical intensity profile at the emission endsurtace 
small, butthe narrowed width of the stnpe shaped operv 
inga increases current injections density to the active 
reolon thereby promoting bulk deterioration, and ras- 
nirpr^tnat fhe reliability of the device may be 
* towereTparticularly, in a material tor ^ v^gj 
light source such as AtGalnP based. AraatnMteseo. 
and MgZnSSe based materials, this problem ^beccmes 
eerioui due to larger bulk deterioration caused by cur- 
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rent injections In comparison with the conventional 
AlGaAs based material. If a beam closer to a circular 
shape Is used, there are advantages such that the laser 
beam can be used with an improved efficiency (i.e., light 
amount cut by lenses becomes small) and any correc- 
tion plate for beam shape becomes unnecessary. 
Theralore. it Is demanded to provide a semiconductor 
optical device apparatus with a smaller beam spot 
diameter operable in Keeping high reliability 
[0008] Since media price can be lowered relatively 
these days, CD-R (recordable). CD-R/W (re-writable), 
mini-disc (MD), and the like begin to be commercially 
available, and therefore, the light source is required to 
have a largely improved light output (70 to 100 mW m 
CW) in order to conespond to a high speed operation 
where made of the conventional AlGaAs (wavelength is 
around 780 nm). With a conventional art, it is hard to 
adequately suppress the deterioration in laser, particu- 
larly, end surface deterioration, during the above high 
output operation. It is demanded to provide a semicon- 
ductor optical device apparatus with high output and 
high reliability. 

[0009] Meanwhile, with respect to the compound 
serrtconductor layer containing In in the semicon- 
ductor optical device apparatus, the fallowings have 
been known. Because lattice matching should be 
made to the substrate, the In content of the respec- 
tive layers of the double hetero structure including an 
n-type clad layer, an active layer, and a p-type dad 
layer. Bke lnGaAsP/ln(AlGa)AsP/lnP based and 
lnGaAs/M(A!Ga)As/lnP based, which are formed on an 
InP substrate, and lnQaP/lN(AIQa)P based and 
InGaAs/lnOaAsP/lnQaP based, which are formed cn a 
GaAs substrata, Is designed to have 50 % or more. In 
general, the In content Is determined to be a necessary 
composition to match the lattice for the substrate 
whereas the Al and Ga content Is determined to be a 
necessary conposition to adjust the refractive index 
and the size of the bandgap. For example, for an 
(AK3a)lnP based red visible light laser (600 nm band) 
produced cn a GaAs substrate, ttie In content is set 
about 50 % of the entire III group as to make the lattice 
matching of the active layer and the clad layer stDstan- 
tiaDy with the substrate, and the refractive index and the 
bandgap are adjusted by setting the Al content in thB 
active layer to be small (generally, Al content is 0 %) 
whereas the Al content in the clad layer to be large (gen- 
erally, Al content is 30 to 50 %). To improve the laser 
property recently, a quantum well active layer ts fre- 
quently strained, and in such a situation, the In content 
is generally varied between 40 % and 60 %. 
[0010] To improve recording density at media such 
as a digital video disc as a center, a visible laser (gener- 
ally. 630 to 690 nm) using an AlGalnP based material 
starts used practically as a light source for information 
processing Instead of the conventional AlGaAs (wave- 
length is around 780 nm). but the following researches 
have been made to reafize shorter wavelength, lower 



threshold, and high temperature operation. 
[0011] In a production of an AJGalnPyGalnP based 
visWe laser device, use of a substrate having an off- 
angle from the (1 00) plane toward the [01 1] direction (or 
5 [0-1-1] direction) allows to prevent the band gap from 
narrowing due to formation (ordering) of natural super 
lattices, thereby rendering the wavelength shorter read- 
ily, facilitating high concentration doping of p-type 
dopants (e.g., Zn. Be, and Mg). and improving the oscil- 
16 lation threshold current of the device by enhancement Of 
the hetero-barrler and temperature characteristics. If 
the Off-angle is too small, step bunching appears out- 
standingly, and large undulations are formed at the het- 
ero-boundarles, so that a shift amount in which the PL 
is wavelength (or oscillation wavelength) is shortened by 
quantum effects to the bulk active layer may be smaller 
than the designed amount where a quantum well struc- 
ture (GalnP well layer of about 10 nm or less) is manih 
factored. H the off-angia is made lager, the step 
so bunching is reduced, and the hetaro-boundaries 
become flat, thereby making the wavelength shorter by 
the quantum effect as designed. Thus, a substrate hav- 
ing an off-angle of 8 to 16 degrees from the (1 00) plane 
toward the [01 1] direction (or [0-1-11 direction) Is gener- 
is ally used to suppress formation of natural super lattices 
artl generation of step bunching, which impede the 
wavelength from becoming shorter, as well as to sup- 
press the oscillation threshold current from Increasing 
due to shortened wavelength from p-type high concen- 
30 tration doping and Impairment of temperature charac- 
teristics, A proper otf-angd should be selected in 
consideration of thickness and the stress amount of the 
GalnP well layer depending on the targeted wavelength 
such as 650 nm or 635 nm. In a meantime, if a substrate 
35 having a large off -angle is used tor shortening the wave- 
length, mere raises a problem that the horizontally 
asymmetry of the ridge shape in the ridge waveguide 
type laser may affect the horizontal asymmetry of the 
light intensity profile. t 
40 [0012] Research and development and practical 
use are made In recent time for optical fiber ampWer. 
and a large scaled wavelength multiplex transmission 
system begins to be established in the optical telecom- 
munication field. On the other hand, semiconductor 
45 optical amplifiers advantageously can be integrated 
monolrthicaJly wfth other semiconductor optical devices 
such as optical switches, modiiators, lasers, and the 
like and have a broader wavelength range, and there- 
fore, research and development orienting appBcafions 
so in toe optical telecommunication field is actively made. 
New applications such as wavelength conversions and 
optical gates positively utilizing the large non-linearity 
possessed by semiconductor optical amplified start to 
be researched. However, the optical semiconductor 
55 arrplif ier has a room to be improved In terms of coupling 
with optical fibers, crosstalk, polarization dependency, 
noise, and the like, and those create obstacles in actual 
use. 



PAGE 19163 1 RCVD AT 6112/2007 2:49:04 PIKI [Eastern Daylight Time] ' SVR;USPT0-EFXRF-6/9 1 DNIS:2738300 * CSID:61245M801 * DURATION (mm-ss):12«28 



06/12/2807 13:44 612-455-3801 HSML, P.C. PAGE 20/63 



EP 1 039 599 A2 



[0013] Various technologies have been developed 
so far as described above, but the ridge waveguide type 
semiconductor optical device apparatus Still has a room 
to be improved, and wait for developments of improved 
technology. It is a bask; object to provide a better semi- 
conductor optical device apparatus capable of serving 
the problems on the prior art as described above. More 
specifically; it is a first object of the Invention to provide 
a semiconductor optical device apparatus for obtaining 
a high output during low operation current, with high reli- 
ability and high production yield. It is a second object of 
the invention to provide a semiconductor optical device 
apparatus having a smaller beam spot diameter, with 
high reliability and high production yield. It is a JU! ~' 
object of the invention to provide a semicorKiuctor 
ca) device apparatus, particularly semiconductor op tical 
amplify for Improving coupling with optical fit era, 
crosstalk, polarization dependency, noise, and the |ke. 



BMBflSgjgiQfl pf ihe Drawings 
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Summary of the Invention 

[001 4] "mis invention Is to provide a semiconductor 
optical device apparatus at least having, on a 
a compound semiconductor layer containing an 
layer, a protection film having a stripe-Shaped opening & 
formed on the compound semiconductor layer, 
ridge type compound semiconductor layer formed 
cover the stripe-shaped opening having a s 
refractive Index than the refractive index of the 
layer. The semiconductor optical device apparatus 
isfies the following conditions (a) and/or (b); 



i subsl rate, 
e:tive 
K nil 
and a 
is to 



smaller PRtnilrt Description nf the Invention 



active 
sat- so 



earner 



condition (a): a width (W c ) at an opening 
the stripe-shaped opening is different from a 
(W F ) of the opening front end; and 
condition (b): a width (Wc) at an opening 
the stripe-shaped opening is different from a 
(W n ) of the opening rear end. 
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[001 51 As a favorable embodiment to accorpflsh 40 
the first object of the invention (hereinafter referrec to as 
"first embodiment"), a semiconductor optical c evice 
apparatus satisfying either or both of W> * W c ar d W R 
* W 0 can be exemplified. As a favorable embodin ent to 
accomplish the second object of the invention (heieinaf- 
ter referred to as "second errfoodimenf), a semkx nduc- 
tor optical device apparatus satisfying either or t oth of 
W F < W c and W R £ W c can be exemplified. As at ivora* 
We embodiment to accomplish the third object of the 
invention (hereinafter referred to as "third ernbodK so 



merit*), a semiconductor optical device apparatus 
fying W F £ W c * W R or W F S WC S W Rl perticula 
2 W c 2 W R can be exemplif ied. 
I0XH 6] The semiconductor optical device apparatus 
according to the invention is useful as. e.g., a semicon- 
ductor light-emitting device, a semiconductor laser, and 
a semiconductor optical amplifier. 
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Pig. 1 is a cross section illustrating a manufacturing 
process of a semiconductor optical device appara- 
tus of a first example; 

Fig. 2 is a cross section illustrating a manufacturing 
process of a semiconductor optical device appara- 
tus of a second example; 

Fig. 3 is a plan view illustrating width changes of a 
stripe-shaped opening at a resonator direction in a 
semiconductor optical device apparatus according 
to the invention; 

Fig. 4 is a cross section illustrating a manufacturing 
process of a conventional semiconductor optical 
device apparatus whose ridge portion is formed by 
etching; 

Fig. 5 is a cross section illustrating a manufacturing 
process of a conventional semiconductor optical 
device apparatus in which a contact layer is formed 
on a ridge top; and 

Fig, 6 is a cross section illustrating a semiconductor 
optical device apparatus having an Inner-stripe 
structure of a ridge type or groove type using a cur- 
rent block layer made of a semkwiductor. 
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[001 8] Hereinafter, referring to details of respective 
layers and an example of the manufacturing process, a 
semiconductor optical device apparatus according to 
the invention is described specifically. 
[001 9] A method tor growing a crystal during manu- 
facturing the semiconductor optical device apparatus 
according to the invention is not specifically limited, and 
known growing methods, such as MOCVD method or 
MBE method, can be used for crystal growth of a DH 
(double hatero) structure. 

[0020] The substrate used for the semiconductor 
optical device apparatus according to the invention is 
not specif icany limited as far as allowing a double hetero 
structure crystal to grow on the substrate. What is pref- 
erable is a conductive material, and desirably, the sub- 
strate is a crystal substrate made of, e.g.. GaAs. InP, 
GaP, ZnSe, ZnO, Si. and AI2O3 suitable tor growth of a 
crystal thin film on the substrate, mora preferably, a 
crystal substrate having a zinc-blende structure. The 
crystal growth surface on the substrate is a low degree 
crystallographlc plane or a crystallographically equiva- 
lent plane, more preferably a (100) plane. 
[0021] In this specification. "(100) plane" is not nec- 
essary to be strictly a just (100) plane and can encom- 
pass cases that the substrate has an off^angle of 30° at 
most. In regard with the scale of the off-angle, the upper 
Omit is preferably 30° or less, mora preferably 16° or 
loss, whereas the lower limit is preferably 0.5° or 
greater, more preferably 2° or greater, further preferably 
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6°or greater, and most preferably 10" or greater. 
[0022] The substrate may be a hexagonal system 
substrate, and in such a case, AJ2O3, 6H-SIC. eta can 
be used. 

[0023] The compound semiconductor layer contain- 
ing an active layer, formed on the substrate, generally 
included a layer having a refractive index smaller than 
the active layer on each of upper and lower sides of the 
active layer. A layer on the substrate side functions as a 
first conductive type clad layer, and a layer on the other 
side, or the epitaxial side, functions as a second con- 
ductive type dad layer, The compound semiconductor 
layer may contain a layer functioning as an optical guide 
layer. 

[0024] The ridge type compound semiconductor 
layer containing the layer having a smaller rdractive 
Index than that of the active layer formed on the stripe 
shaped opening is generally made of a second conduc- 
tive type second dad layer as a major portion. The com- 
pound semiconductor may contain a layer functioning 
as, e.g., an optical guide layer, other than the second 
conductive type second clad layer. The substantial 
whole surface of the ridge top and the side surface is 
preferably covered with a contact layer haying a low 
resistance. 

[002S] The dad layer, the active layer, and the con- 
tact layer are not spedfically limited, but it is preferable 
to use a general group lll-V or 11-VT semiconductor such 
as AlGaAs, AIGainAs. AIGalnP, GalnAsP. AlGalnN. 
BeMgZnSe, MgZnSSe, and CdZnSeTe. and to produce 
a double hetero structure in which the active layer is 
sandwiched by the two ctad layers. As a clad layer, a 
material having a smaller refractive index than that of 
the active layer Is selected, and as a contact layer, a 
material having a narrower band gap than that o1 the 
dad layer is selected. As a proper carrier density of a 
low resistance to gain an ohrrric contact wftb electrodes, 
the lower limit is preferably 1 x 10 1B cm" 3 or greater, 
more preferably, 3 x 10 1B cm" 3 or greater, most prefera- 
bly, 5 x 10 1B cm" 8 or greater. The upper limit is prefera- 
bly 2 x 10 20 cm 3 or less, more preferably. 5 x 10 19 cm" 3 
or less, most preferably, 3 x 10 19 cm* or less. The 
active layer Is not limited to a single layer and can be a 
single quantum well structure (SQW) composed of a 
quantum well layer and optical guide layers vertically 
sandwiching the quantum well layer or a multiple quan- 
tum wen structure [MOW) composed of plural quantum 
wen layers, barrier layeis sandwiched between the 
quantum well layers, and optical guide layers respec- 
tively formed on the uppermost quantum well layer and 
under the lowermost quantum well layer. 
[0026] The protection film is not specitfcalty limited 
but It is necessary to perform current Injections only to a 
region of the active layer located below the ridge por- 
tion, which Is formed at a stripe shaped opening. That 
Is. to confine currents by the protection Hm on both 
sides of the Stripe shaped opening, the protection film 
has to be insulation. The refractive Index of the protec- 



tion film is preferably smaller than that of the clad layer 
to give effective refractive Index difference between the 
ridge portion and the non-ridge portion in a horizontal 
direction in the active layer and to stabilize the trans- 
B verse mode of the laser oscillation. However, as a prac- 
tical matter, if the refractive index difference is too large 
between the protection film and the clad layer, the sec- 
ond conductive type first dad layer below the ridge has 
to be thicker because the effective refractive Index step 
to in the transverse direction tends to be larger in the 
active layer, thereby Increasing leak currents in the 
transverse direction. Tb the contrary, if the refractive 
Index difference is too small between the protection film 
and the clad layer, tha protection film has to be formed 
1B thicker to some extent since the light easily leaks out- 
side the protection film, but this tends to impair the 
cleavage property. In consideration of those, together, 
the lower limit of the refractive index difference between 
the protection film and the dad layer is 0.2 or greater. 
20 more preferably, 0.3 or greater, and most preferably, 0.5 
or greater. The upper limit is 3.0 or less, more prefera- 
bly. 2.5 or less, and most preferably, 1 .8 or less. There 
would be no problem, in regard with the thickness of the 
protection film, as far as the protection film can show a 
26 sufficient insulation property and has a thickness such 
that light does not come outside the protection film. The 
lower limit of the protection 11m is preferably 10 nm or 
greater, mora preferably, 30 nm or greater, and most 
preferably. 50 nm or greater. The upper limit is prefera- 
& bly 500 nm or less, more preferably. 300 nm or less, and 
most preferably. 200 nm or less. It Is recommended that 
the thickness of the protection film is 100 nm to 300 nm. 
10027] The protection film Is preferably a dielectric, 
and more spedfically, can be selected preferably from a 
35 group of SiN x film. SiOg film, SiON film, AlgOa film, ZnO 
f nm, SiC film, and amorphous Si film. The protection film 
is used as a mask for formation of the ridge portion 
through a re-growth using an MOCVD method and is 
also used tor the purpose of current squeezing. For siro- 
40 plifying the process, it is preferable to use a f flm having 
the same composition commonly for current squeezing 
and for selective growth, but layers having different 
compositions may be formed as a multilayer when nec- 
essary. 

43 [0028] Where a zinc-blende type sifcstrate is used 
and where the substrate surface is a (100) plane or its 
crystallographically equivalent plane, it is preferable that 
the longitudinal direction of the stripe shaped opening 
(the extending direction of the stripe) is extending in a 
60 [OM] Erection or its crystallographically equivalent 
direction to readily cjow a contact layer, as described 
below, on the ridge top and the side surface. At that 
time, the most portion of the ridge side surface 
becomes (31 1)A plane in many cases, and it is possible 
55 to grow a contact layer on siAstar^^^ 

face, on which a layer can be grown, on the second con- 
ductive type second dad layer forming the ridge. This 
tendency is particularly remarkable when the second 
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conductive type second clad layer is AlQaAs, particu- 
larly. AlGaAs having an A! As content of 0.2 to 1.0, pref- 
erably, 0.3 to 0.9. more preferably, 0.4 to 0.8. The off- 
angel direction may be preferably within ± 30° from a 
direction perpendicular to the longitudinal direction of s 
the 6tripe shaped opening, more preferably a direction 
within ± 7*. and further more preferably within ±2°, The 
longitudinal direction of the stripe shaped opening is 
preferably, a [0-11] direction or a crystallographically 
equivalent direction In 1he case where the crystaJlo- io 
graphical plane Of the eubstrate is (l00) f and the off- 
angle direction Is preferably within ± 30° from a [0-1 1] 
direction or a crystallographically equivalent direction, 
more preferably a direction within ± 7», and further more 
preferably within ± 2\ It is to be noted that in this opeci- is 
fication, TQ1 -11 direction* indicates that the [01 -1] direc- 
tion Is defined so that in general for I1I-V group or ll-VI 
group semiconductor, the [1M] surface existing 
between the (100) plane and the [01-1] plane becomes 
a plane at which the V group element or the VI group so 
element appears. 

(0029} The semiconductor optical device apparatus 
of the Invention is not limited to an embodiment having 
the stripe shaped opening extending in the [01-11 direc- 
tion. Hereinafter, other embodiments are described. S5 
Where the stripe shaped opening extends in the [01 1] 
direction or its crystallographically equivalent direction, 
the growth rate can be made anisotropically in associa- 
tion with, e.g., the growth condition, so that the rate is 
fast on the (100) plane whereas almost no growth is so 
made on the (1 1 1)B plane. At that time, if the growth is 
made selectively on a (100) plane of the stripe shaped 
opening, a ridge shaped second concfcjctive type sec- 
ond clad layer Is formed with the (1 11 )B plane as a side 
surface. In such a case, when the contact layer is sub- as 
sequently formed, the contact layer is formed entirely on 
the ridge top made of the (100) plane as well as on the 
surfaces of the ridge top and the side surface made of 
the (111 )B plane, by selecting conditions for creating 
more isotropic growth. 40 
(0030] From substantially the same reason, when a 
wurtztte type substrate is used, as a direction that the 
stripe region can extend, it is preferable to use, e.g. ( [1 1 - 
20] or [1-100] direction on (0001) plane. For HVPE 
(Hydride Vapor Phase Epitaxy), any direction can be 45 
used, and for MOVPE, [1 1 -20] direction is preferable. 
I0031J When the semiconductor optical device 
apparatus of the invention Is designed, the thickness of 
the active layer and the composition of the clad layer are 
first determined to obtain a desired vertical divergence so 
angle. It the vertical divergence angle Is made narrower, 
light encroachment from the active layer to the clad 
layer is promoted, thereby reducing the optical density 
at tha end surface, and improving the optical damage 
(COD) level at the Bght emission surlaca Accordingly, & 
when a high output operation is necessary, though the 
vertical divergence angle is sat relatively narrow, there 
is a limitation, as for a lower side, to suppress increase 



of the oscillation threshold currents due to reduction of 
light confinement in the active layer and reduction of the 
temperature characteristics due to overflow of carriers. 
The lower limit is preferably 15° or higher, more prefera- 
bly 17* or higher, end further more preferably 19° or 
higher. The upper limit is preferably 30° or lower, more 
preferably 27* or lower, and further more preferably 25* 
or lower. 

[0032] When a vertical divergence angle is deter- 
mined, structural parameters greatly controinng a high 
output characteristics are a distance 0* between the 
active layer and the protection film and a width (herein- 
after referred to as "stripe width*) of the stripe shaped 
opening when seen in a vertical direction to the com- 
pound semiconductor layer. Generally, between the 
active layer and the protection film only the second con- 
ductive type first dad layer exists, and in such a situa- 
tion, the distance dp is a thickness of the second 
conductive type first clad layer. When the active layer 
has a quantum well structure, the distance between the 
active layer closest to the protection film and the protec- 
tion fUm becomes numeral dp. To realize lasers with 
achievements of high output operation and with beam 
Closer to a circular shape in maintaining high reliability, 
it is necessary to set the distance dp and the width W In 
a proper range with good controllability. 
[0033] To realize high output operation to accom- 
plish the first object of the invention, h is effective to 
widen the stripe width from a viewpoint to reduce the 
light density at the end surface, but to reduce the oper- 
ation current it is desirable to narrow tie Stripe width 
from a viewpoint to reduce waveguide loss. Low opera- 
tion current and high output operation can be realized at 
the same time, and high reliability can be maintained, 
where the stripe width around a center serving as a 
gaining region is made relatively narrow whereas the 
width around each end is made relatively broad. That is, 
in the first embodiment of the invention, an end (cleav- 
age surface) width (Wp, W R ) preferably has an upper 
limit of 1 000 u.m or less, more preferably 500 u/n or less, 
and a lower limit of 2 nm or greater, and more preferably 
3 *im or greater. As for a center width (W^, the upper 
limH is preferably 100 >un or less, more preferably 50 jtm 
or less. The lower limit is typically 0.5 Jim or greater, 
preferably 1.0 nm or greater, more preferably 1 .5 urn or 
greater, and further more preferably 2.2 ym or greater. 
Differences flW F - W c | , |W H - W c |) between the end 
width and center width have an upper limit of 1000 jxm 
or less, more preferably 500 jim or less. The lower limit 
is preferably. 0,2 jim or greater, more preferably 0.5 M«m 
or greater. The ratio of the end width to the center width 
of tne stripe shaped opening (W F / W c . W p / W c ) pref- 
erably has an upper limit of 50 or less, more preferably 
10 or less. The lower limit is preferably 1.2 or greater, 
more preferably 1 .5 or greater. 
[0034] To render the transverse mode a single 
mode (having a light intensity profile in the transverse 
direction with a single peak), the stripe width cannot be 
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made so large from viewpoints to cut off higher degree 
modes and to prevent hole burning from occurring, so 
that an upper limit of the end width «W R Wrf I* prefera- 
bly 7 urn or less, more preferably 8 jim or less. The 
center width (Wc) preferably has an upper limit of 6 >im 
or less, more preferably 5 jim or less. It is particularly 
recommended that the center width (W 0 ) is 1.5 ym to 
4.0 urn, in regard to the differences (|W F - W c | . |W H - 
WcD between the end width and center width, the upper 
limit is preferably 5 jim or less, more preferably 3 j*m or 
less, and further more preferably 2 y.m or less. The 
lower limit is preferably 0.2 urn or greater, more prefera- 
bly 0.5 |im or greater. 

[0035] lb realize a beam close to a ti rcle to accom- 
plish the second object of the invention, it is effective to 
narrow the stripe width, but injection current density 
turns into an unfavorable state from a viewpoint to sup- 
press the bum deterioration. Therefore, reduction of 
beam spot and low operation current operation can ba 
realized at the same time, and high reliability can be 
maintained, where the center width (W c ) of the Stripe 
shaped opening serving as a gaining region is made rel- 
atively broad whereas the end width (W R Wp) is made 
relatively narrow. That is. In the second embodiment o! 
the Invention, an end (cleavage surface) width (W ft Wr) 
preferably has an upper limit of 10 urn or less, more 
preferably 5 urn or less, and lurther more preferably 3 
Urn or Iras, and a lower limit of 0.5 ]im or greater, and 
more preferably 1 |im or greater. As for the center width 
(Wc). the upper limit is preferably 100 urn or lass, mora 
preferably 50 or lees. The lower limit Is preferably 
0.2 nm or greater, more preferably 0.5 |*m or greater, 
and further more preferably 0.7 \ur\ or greater. The 
lower limh is typically 0.5 \im or greater. Differences 
(|W F - W c | . |W H -W c l) between the end width and 
center width have an upper limit Of 1 00 m or less, more 
preferably 50 *im or less. The lower limit is preferably, 
0.5 fum or greater, more preferably 1 |wn Of greater, fur- 
ther preferably 1.5 Jim or greater, and still further prefer- 
ably 2.2 jim or greater. The ratio of the end width to the 
center width of the stripe shaped opening (W F / W c , W R 
/ W c ) preferably has an upper limit of 0.85 or less, more 
preferably 0,7 or less. The lower limit is preferably 0.02 
or greater, more preferably 0. 1 or greater. 
[0036] To render the transverse mode a single 
mode (having a light Intensity profile in the transverse 
direction with a single peak), the stripe width cannot be 
made so large from viewpoints to cut off higher degree 
modes and to prevent hde burning from occurring, so 
that an upper limit of the end width ((W p Wp) is prefera- 
bly 5 urn or less, more preferably 4 jim or less. The 
center width (W c ) preferably has an upper limit of e \*m 
or less, more preferably 5 >un or less. It is particularly 
recommended that the center width (Wo) is 1.5 \xm to 
4.0 i*m. In regard to the differences (|W F - W c | . |W B - 
W c |) between the end width and center widih, the upper 
limit is preferably 5 urn or less, more preferably 3 |im or 
less, and further more preferably 2 *im or less. The 
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lower limit Is preferably 0.2 urn or greater, more prefera- 
bly 0.5 jim or greater. 

[0037] in the first and second embodiments, the 
stripe shaped opening preferably has a portion Gradu- 
ally Increasing or decreasing the stripe width from the 
cent©* to the end. The end desirably has a portion with 
an unchanged stripe width. THose lengths of the gradu- 
ally increasing or decreasing portions and the portion 
with the unchanged stripe width can be determined as 
appropriate for characteristics targeted by the semicon- 
ductor optical device apparatus. The lengths Of the 
gradually increasing or decreasing portions are, from a 
viewtfoolnt to reduction of waveguide loss, preferably 5 to 
10 jim, more preferably 10 to 50 jun. The length of the 
portion of the unchanged stripe width is, from a view- 
point to accuracy in cleavage, preferably 5 to 30 Jim, 
more preferably 10 to 20 |un. The stripe shaped open- 
ing may be produced according to necessity as tallows: 

(A) Asymmetric openings where the stripe width 
and/or length of the portion with the unchanged 
stripe width and/or the gradually increasing or 
decreasing portions are not the same with respect 
to the respective end of the chip; 

(B) Openings having no unchanged width portion 
but having width gradually increasing or decreasing 
up to the end; 

(C) Openings where one end (typically, a front end 
facet as the light emission side for high output) Is 
only formed with the stripe width gradually increas- 
ing or decreasing; 

(D) Openings having a front end facet and a rear 
end facet different from each other In regard to the 
stripe wktth at the end; and 

(E) Opening having a combination of some of (A) to 

(D). 

[0035] In the first embodiment it Is effective to 
reduce recombination currents at each end in avoiding 
formation of any electrode around each end for facilitat- 
ing high output operation with high reliability, m the sec- 
ond embodiment, it 1s effective to suppress bulk 
deterioration due to current injection to the stripe 
shaped opening around the end and to reduce recombi- 
nation currents at each end In avoiding formation of any 
electrode around each end for facilitating production of 
a laser having a small beam spot with high reliability. 
[0039] In general, when a stripe width in the semi- 
conductor layer is determined by etching (particularly, 
wet etching), if the stripe width is made gradually 
increasing or decreasing, the edge of the stripe 
changes stepwise due to fuzziness on the stripe edge 
because some specific plane selectively comes out 
readily, this stepwise undulation at the edge readily 
causes disorders such as ripples in the far field pattern 
in the horizontal direction, a large side peak, and the 
like. On the other hand, with a desirable embodiment of 
the Invention, because the stripe width gradually 
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increasing or decreasing portions are formed by etching 
of SiNx amorphous film, the stripe width can be 
increased or decreased linearly, so that an isolated sin- 
gle peak can be formed easily without ripple or side 
peak. 

10040] The third embedment of the invention 
embarrasses an embodiment having a stripe shaped 
opening with a width becoming broader in the order of 
the front end, the center, and the rear end, and an 
embodiment having a stripe shaped opening with a 
width becoming narrower in the order of the front end, 
the center, and the rear end. The difference ( |W F - W R D 
between the front end width and the rear end width of 
the stripe shaped opening is preferably, as an upper 
limit, of 100 or Iks. more preferably 50 \im or lees. 
A lower limit Is preferably 0.5 >im or greater. To accom- 
plish the third embodiment of the invention, exiesirable 
erhbodimerrt has a stripe shaped opening width becom- 
ing narrower in the order ol the front end, the center, 
and the rear end. With such a tapered shape of the 
stripe shaped opening, the gain saturation level is made 
improved, thereby realizing a high output device of a 
Watt class. Tb effectively achieve the third object of the 
Invention, the ratio (W F / Wr) of the front end width to 
the read end width of the stripe shaped opening prefer- 
ably has an upper limit of 50 or less, more preferably 1 0 
or less. A lower limit is preferably 1.8 or greater, more 
preferably 1 .5 or greater. 

10041] To render the transverse mode a slntfe 
mode (having a light intensity profile in tha transverse 
direction wrth a single peak), the stripe width cannot be 
made so large from viewpoints to cut off higher degree 
modes and to prevent hole burning from occurring, so 
that an upper Prrft of the end width ((W* Wr) Is prefera- 
bly 7 fim or less, more preferably 6 Jim or less. The 
center width (W c ) preferably has an upper limit of & jim 
or less, more preferably 5 jun or less. It is particularly 
recommended that the center width (WJ is 1-5 >im to 
4.0 fun. In regard to the tffferences ([W F - W c | , |W R - 
W C D between the end width and center width, the upper 
limit is preferably 5 utm or Ibss. more preferably 3 Jim or 
less, and further more preferably 2 urn or less. The 
lower limit is preferably 02 nm or greater, more prefera- 
bly 0.5 urn or greater. 

[00*2] As a forming method for ridge structure in 
which the stripe shaped opening is in a tapered shape, 
if wet etching that has been used conventionally Is used, 
large undulations on the edge at both sides of the ridge 
may occur due to etching dependency according to 
crystal plane directions, thereby raising problems such 
that light waveguide loss becomes larger and that the 
tar field pattern may be disordered. Particularly, the nar- 
row region ol tne stripe width indicates a serious prob- 
lem. Therefore, in this Invention, an amorphous film 
(dielectric protection film) is made into a pattern by a 
photolithographic method to produce a current block 
region, and it Is preferable to form the ridge portion so 
that the ridge portion exceeds over the edge of the 



amorphouslilm (dielectric protection fiim) by a selective 
growth. With this method, any pattern shape of the 
active layer can be controlled, and for example, a 
tapered shape in not only a straight line but also a para- 
s bolic line can be formed easily. Moreover, because the 
opening edge of the amorphous film would not suffer 
from large undulations even where the stripe width is 
narrow, the light waveguide loss may not increase 
remarkably. 

10 [0043] Width changes of the stripe shaped opening 
in the resonator direction in the semiconductor optical 
device apparatus according to the invention are shown 
more specifically in Fig. 3. Fig. 3(a) indicates a specific 
example of the first embodiment of the Invention; Fig. 
1$ 3{b) indicates a specific example of the second embod- 
iment of the invention; Fig. 3(c) indicates a specific 
example of the third erribodiment of the invention. How- 
ever, specific examples ol the respective embodiments 
are not limited to those. 
20 [0044] With respect to the distance dp, an upper 
limit is preferably 0,60 Jim or less, more preferably 0.50 
jim or less, further more preferably 0.45 j*m or less, and 
stiH further more preferably 0.40 |im or less, A lower limit 
is preferably 0.10 nm or greater, more preferably 0.15 
25 jim or greater, and further more preferably 050 Jim or 
greater. H is particularly recommended thai dp is 0.25 
urn to 0.45 urn. However, the above optimum range may 
be shifted depending on the use object (such as set- 
tings of divergence angle, etc.) and materials (such as 
jo refractive index, resistance, etc.). With respect to the 
optimum range, tt should be noticed that the above 
structural parameters may affect each other. 
[00451 It is to be noted that if the second conductive 
type second clad layer is structured Of a 111-V group 
35 compound semiconductor containing Al such as 
AlGaAs, it is preferable to use a W-V grotp compound 
semiconductor not containing Al such as GaAs to cover 
substantially the entire surface to which the crystal can 
be grown because the compound semiconductor pre- 
40 vents the surface from oxidizing. 

[0040] When the semiconductor optical device 
apparatus according to the invention Is manufactured, 
after forming a double hetero structure is formed, a 
ridge type second conductive type second clad layer 
46 and a second conductive type contact layer are selec- 
tively grown using a protection film, and it is preferable 
to form electrodes on the ridge top and the side sur- 
taces wiihout forming a protection film on the ridge top 
and the side surfaces. The specific conditions for grow- 
so ing the respective layer may vary depending on the 
layers composition, growing method, shape of the 
apparatus, etc.. and in a case that a compound semi- 
conductor of group 111-V is grown by the MOCVD 
method, preferably, the double hetero-structure Is 
55 formed at a mowing temperature of about 650 to 750 *C 
with a Will ratio of about 20 to 60 (in the case of 
AlGaAs) or about 350 to 550 (in the case of AiQalnF). 
whereas the ridge portion Is formed at a growing tern- 
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perature of 600 to 700 °C with V/W ratio of about 40 to 
60 {in the case of AlGaAs) or about 350 to 550 (In the 
case of AiGalnP). Where the ridge portion selectively 
grown in use oi the protection film contains, particularly, 
Al such as in AlGaAs and AiGalnP. It is very preferable 
If a very small amount of an HCI gas is introduced dur- 
ing the growth, because the gas prevents polycrystals 
from depositing. However, as the Al Is contained much 
more in the composition, or as the ratio of the mask por- 
tion to the opening is higher, a necessary introduction 
amount of HCI Increases for making a selective growth 
only on the opening (selective mode) In preventing poly- 
crystals from depositing where other growing conditions 
are unchanged. On the other hand, if the HCI gas is 
introduced too much, the AlGaAs layer may not be 
grown, and conversely, although the semiconductor 
layer is etched (etching mode), a necessary introduction 
amount of HCI Increases for entering to the etching 
mode as the Al Is contained much more In the composi- 
tion, even where other growing conditions are 
unchanged. The optimum introduction amount of HQ 
greatly depends on a molecular number of the group III 
source supply including Al such as trimethylaluminum 
or the like. More specifically, the ratio of the supply 
molecular number of HCI to group 111 source supply 
molecular number Including Al (HCI / Group III) is pref- 
erably 0.01 or more, more preferably 0 05 or more, and 
further more preferably 0.1 or more. An upper limit is 
preferably 50 or less, more preferably 10 or less, and 
further more preferably 5 or less. 
[0047) Where a compound semiconductor layer 
containing In in a ridge portion is selectively grown, the 
composition of the ridge portion easily turns to be hardly 
controllable. For example, in JP-A-9-199,791, a layer 
containing In (InP clad layer) is selectively grown to form 
a ridge shape at the protection film opening where the 
double hetero structure made of an rvtype clad layer, an 
active layer, and a p-type clad layer is structured of an 
ln(AK3a)AsP/lnP based material. When the layer con- 
taining In is selectively grown to form the ridge shape at 
the protection film opening, growth rate and compound 
crystal composition of the layer depositing on the ridge 
region are easily shifted largely due to the ratio of the 
protection film opening width to the protection film 
masked region width, the growth conditions (such as 
substrate temperature and V/I1I ratio, etc.), and the like. 
This reason we think is illustrated by that In is readily 
separated particularly on the protection film or the like 
since In has a higher vapor pressure in comparison with 
Ga and AL In a meantime, to suppress compound dep- 
ositions (particularly compounds including Al) on the 
protection film, methods to add HCI gas in a small 
amount during an organic metal vapor deposition 
growth have been known (see generally, JP-A-5- 
5021 47. JP-A-7-297134. etc.). However. JP-A-7- 
2971 34 sets forth that the supplying molecular ratio HCI 
/ (Al * In) should be the smallest as much as possible 
because the In containing amount In the film greatly 



depends on the supplying molecular ratio of HCI to In 
and because the composition of the compound crystal 
containing In to which HCI is added is hardly controlled 
as to reproduce the composition. Thus, the growth con- 
5 drtions in a layer containing In are severely restricted. 
Generally, as the In content of the double hetero struc- 
ture is made higher, the In content in the ridge portion 
becomes higher, and as the In content In the ridge por- 
tion becomes higher, tfie above problem becomes more 
10 serious, and the absolute value of the change amount of 
the In content in the ridge portion we think becomes 
larger (Le„ amounts such as of the refractive Index, lat- 
tice constant become larger). 
[0048] Thus, if a ridge type compound semioonduc- 
13 tor layer (e,g„ a clad layer or the like) containing In richly 
to some extent is to be grown, the growth rate and the 
composition of the compound crystal containing In are 
changed, thereby rendering reproduction of the pre- 
scribed ridge shape and refractive index worse, and 
20 possibly deviating the laser property (e.g., threshold 
current divergence angle, etc.) of the ridge waveguide 
type laser. Shifts In the composition of the compound 
semiconductor layer containing In may cause changes 
in the lattice constant, bring occurrences of transfer on 
25 the boundaries of the ridge re-growth, and greatly lower 
the reliability on the laser operation, II the opening width 
is changed around the end where the layer containing In 
is grown to be in a ridge shape, the composition of the 
compound semiconductor layer containing In may be 
30 shifted between an apparatus center and a position 
near the end because the ratio of the protection film 
opening width to the protection film masked region 
width is changed. 

[0049] |n consideration of those, the semiconductor 
9B optical device apparatus according to the invention pref- 
erably has a layer In which In content of the compound 
crystal is 3 % or higher in the compound semiconductor 
layer containing the active layer, and the In content of 
the compound crystal constituting the ridge type com- 
«o pound semiconductor layer is 1 0 % or less. According to 
such an embodiment, the controllability of the composi- 
tion (such as lattice constant, refractive index, etc) and 
the ^productivity can be improved in the ridge shape 
and the semiconductor layer constituting the ridge; the 
43 laser property can be stabilized; and the reliability of the 
laser operation can be Improved. 
[0050] The layer having an In content of 5 % or 
higher can be any of the layers constituting the com- 
pound semiconductor layer. Preferable one Is at least a 
&> layer among the first conductive type clad layer, the 
active layer, and the second conductive type first dad 
layer. Particularly, the In content of the compound crys- 
tal of the second conductive type first clad layer Is pref- 
erably 5 % or higher. The composition of the layer ihat 
ss the In content of the compound crystal is 6 % or higher 
is preferably (Ai x Qa v J y ln H P [0 <; a * 1 . 0.05 * y * 1]- A 
higher overage value of the In contents of the entire 
compound semiconductor layers Is preferred. More spe- 
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cif ically, ft Is preferable 5 % or higher, more preferably 15 
% or higher, and further moro preferably 30 % or higher. 
[0051] Conversely, for the ridge type compound 
semiconductor layer, a lower In content of the com- 
pound crystal composition is preferred because 
changes to the lattice constant or refractive index 
become less. For example, where the In content in the 
semiconductor layer may vary at 10 % or more, rf the In 
content in the ridge type compound semiconductor 
layer is 10 %, the In content shift amount becomes 1 % 
or higher. Generally, in a lll-V group semiconductor con- 
taining la if the In content is deviated 1 % from the lat- 
tice matching condition, the critical film thickness 
becomes about 1 urn. so that high density transfer may 
occur during the ridge production, and so that there may 
raise a problem thai the device property and reliability 
may be impaired. To avoid such a problem, some 
restriction may be Imposed such that the growth condi- 
tion, the protection film shape, and the like are strictly 
controlled so that the In content becomes less than 
about 1 0 % as a proportion. On the other hand, if the In 
content is small, the In content Shift amount can be sup- 
pressed to be less than 1 % even where the In content 
in the semiconductor layer is greatly changed. There- 
fore, the In content of the compound crystal of the ridge 
type compound semiconductor layer is preferably 10 % 
or less, more preferably 5 % or less, and further more 
preferably 1 % or less. 

[0052] ft is to be noted that H the second conductive 
type second dad layer is structured of a lll-V group 
compound semiconductor containing A1 such as 
AKGa)As, AI(Ga)AsR AI(Galn)As, AI(Galn)P, AI(Ga!n)N, 
and the like, surface oxidation can be preferably pre- 
vented by covering the substantially entire surface on 
which a crystal may be grown with a lll-V group com- 
pound semiconductor containing no Al such as GaAs, 
GaAsP, GalnAs, GalnP. GalnN, and the like. 
[0053] The preferred semiconductor optical device 
apparatus according to the invention includes, on a sub- 
strate, at least a compound semiconductor layer con- 
taining an active layer, a protection film having a stripe 
shaped opening formed on the layer, a ridge type com- 
pound semiconductor layer having a smaller refractive 
index than that of the active layer on the stripe shaped 
opening, and a contact layer formed on substantially the 
entire surface of the ridge shape, and the semiconduc- 
tor optical device apparatus can realize a high output 
operation where the width of the stripe shaped opening 
is set from 2.2 jim to 1 ,000 jim, and the resistance of the 
entire apparatus can be reduced to a taw value by cre- 
ating an adequate contact area between the contact 
layer and the electrodes adjacent to the contact layer 
and the second conductive type clad layer, A portion of 
the ridge top and side surfaces on which the contact 
layer is formed can be covered with a protection f ilm for 
the purpose of preventing the layer from oxidizing or the 
like, m trris embodiment, the apparatus can have a lower 
resistance In comparison with an apparatus formed with 



a protection film without forming any contact layer on 
the ridge side surface, and falls within the scope of the 
invention. It is particularly effective to reduce the resist- 
ance of the entire apparatus where a material having a 
5 high specific resistance such as AIGalnP based and 
AIGalnN based (especially, of p-type). 
[0054] In another preferred embodiment of the 
invention, a portion of the ridge type compound semi- 
conductor layer having a smaller refractive index than 
w that of the active layer formed on the stripe shaped 
opening is formed as to overlap the protection film. The 
overlapped portion of the second conductive type sec- 
ond dad layer over the Insulation fim is 0.01 pm as a 
lower limit, more preferably 0.1 urn or greater, and as an 
is upper limit, preferably less than 2.0 Jim, and more pref- 
erably 1.0 nm or less. Use of such an embodiment 
improves the controllability of the light profile encroach- 
ing around boundaries between the protection film and 
the ridge bottom, thereby reducing optical absorption at 
20 the contact layer formed on the ridge top and the side 
surfaces. If this embodiment Is used, a protection fflm 
formed on the side surfaces of the ridge portion is not 
always necessary unlike the conventional ridge 
waveguide type laser, so that such use Is advantageous 
S3 for simplification of the processes and cost reduction. A 
structure not having any protection film made of an insu- 
lation on the ridge side surfaces is little influenced with 
undulations on the edges of the gradually increasing or 
decreasing portions of the stripe width because the 
30 ridge portion grows in the transverse direction. Accord- 
ingly, the semiconductor optical device apparatus hav- 
ing such a structure can obtain a good single peak 
having no ripple or side peak in the far field pattern in 
the horizontal direction, 
w [0055] With another preferable errbodiment of the 
invention, the width of the stripe shaped opening is 
characterized In a size of 4 jim or less, and this feature 
allows the transverse mode to be a single mode (light 
intensity profile in the transverse direction having a sin- 
40 glepeaK). 

[00561 The semiconductor optical device apparatus 
of the invention can form the far field pattern to be a sin- 
gle peak, so that the apparatus can be used to provide 
a desirable laser for broad applications such as rnforma- 
45 Hon processing and optical telecommunication. 

[0057] Tfie semiconductor optical device apparatus 
of the invention can have a clad layer formed between 
the active layer and the protection film, and where tha 
thickness of the dad layer is set to 0. 1 0 jim or greater or 
60 0.50 fun or less, a high output operation can be realized 
easily with the width of the Stripe shaped opening. 
[0058] in the semiconductor optica] device appara- 
tus of the invention, where the protection film *» made of 
a dielectric such as SiN* film. Si0 2 f»m, SON film, 
55 AI2O3 film. ZnO film, SiC film, and the like, the appara- 
tus can readily realize a high output operation under the 
above condition. At that time, it is preferable to set tho 
refractive index difference between the protection film 
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and the second conductive type first clad layer at the 
oscillation wavelength equal to or higher than 0.5 and 
equal to or less than 2.0. 

[0059] The height (thickness) of the second con- 
ductive type second clad layer is preferably set to about 
0.25 to 2.0 times of the width W of the stripe shaped 
opening as described above. If within this range, it is 
preferable because the second conductive type second 
clad layer would not be projected so much In compari- 
son with the current block layer or ridge dummy layer as 
described below, because the device life would not be 
affected due to stresses exerted to the ridge portion 
when the device is used in a manner of the junction 
down, and because post processes such as a forming 
process for electrodes are done easily since it is very 
tow in comparison with its vicinity 
[0060] With the invented semiconductor optical 
device apparatus, a clad In the ridge shape is formed by 
re-growth wftere an antioxidant layer Is formed on a side 
of epitaxial surface of the DH structure, thereby easily 
preventing a high resistance layer, which may increase 
a passage resistance at re-growth boundaries from 
occurring. 

[0061] As the antioxidant layer, there is no special 
(irritation on selection of the material as far as it is 
hardly oxidized or It is cleaned up easily. More specifi- 
cally; a compound semiconductor layer of lll-V group 
having a low containing rate of readily oxidKed ele- 
ments such as At (about 0.3 or less) is exemplified. It is 
preferable that the antioxidant layer does not absorb 
light from the active layer by selecting the material or 
thickness of the antioxidant layer to avoid the operation 
current from increasing. The material of the antioxidant 
layer can be ordinarily selected from materials having a 
wider band gap than that of the active layer material, but 
a material, even where its band gap is narrow, can be 
used where the thickness is 50 nm or less, preferably, 
30 nm or less, more preferably. 10 nm or less because 
light absorbing can be substantially neglected. Where 
the band gap of the antioxidant layer is set equivalent or 
less than that of the band gap, the antioxidant layer can 
be functioned as an over-saturation absorbing layer, 
thereby bringing an enjoyment of both of low astigma- 
tism and low noise. 

[0062] With the embodiment, the profile controllabil- 
ity of light otherwise encroaching adjacent regions 
between the protection film and the ridge Is made belter 
where the clad layer of the re-growth portion is grown as 
to be over the top of the protection film; the side surface 
of the dad layer is prevented from oxidizing by growing 
the contact layer on substantially the whole surface on 
which a crystal can be grown on the re-grown dad layer; 
the contact resistance to the electrode may be reduced 
by Increasing the contact area in contact with the elec- 
trode on a side of the epitaxial surface. The steps far 
growing the re-growing dad layer and the contact layer 
coming over the protection film can be done independ- 
ently or done in combination. Where the ridge is formed 



by re-growth, a ridge dummy layer may be formed which 
has a larger area than the ridge portion subjecting to 
current injection and in which no current injection is 
made in order to improve the composition of the ridge 

s portion and the controllability of the carrier concentra- 
tion and growth rate. In this situation, an insulation cov- 
ering layer such as an oxide layer or a thyrtstor structure 
is formed at a portion of the ndge dummy layer to pre- 
vent the current from passing. Where the current Injec- 

io tion stripes are formed on the off -angled substrate in a 
perpendicular direction as much as possible to the off 
direction, although the ridge of the re-growth becomes 
horizontally asymmetric, the light profile that comes out 
the vicinity of the protection film and the ridge has a 

is good symmetry, because the refractive index difference 
between the protection film and the dad layer of the 
ridge portion is easily made larger than the conventional 
block layer made of a semiconductor layer as shown in 
Fig. 6, and because the dad layer of the re-growth por- 

20 tion can be grown as to cover the top surface of the pro- 
tection film by selecting the stripe direction property, and 
therefore, this apparatus can obtain a fundamental 
transverse mode oscillation which is stable even at a 
high output stage. Thus* this invention is applicable to 

25 various ridge stripe type waveguide structure semicon- 
ductor optical device apparatuses. 
[0053] In accordance with the preferred embodi- 
ment of the Invention, the refractive Index of the second 
conductive type first clad layer Is larger than the refrac- 
ts thre index of the second conductive type second dad 
layer. Therefore, this can suppress expansion of the 
light profile (near field pattern) to the ridge portion, 
thereby achieving improvements in symmetry of the ver- 
tical divergence angle [far field pattern), suppression of 

os side peaks of horizontal divergence angle (far field pat- 
tern), and improvements in laser property by sup- 
pressed light absorption at the contact layer and in the 
reliability, 

[0064] With a/iotheT preferred embodiment of the 
40 invention, the antioxidant layer is formed at least right 
below the stripe shaped opening on the second conduc- 
tive type first dad layer, or namely, at the stripe shaped 
opening and, preferably, on the opposite sides of the 
stripe shaped opening. This may prevent a high resist- 
4$ a nee layer that may Increase the passing resistance 
from occurring on the re-growth boundary where the 
dad layer of the ridge portion is formed by re-growth. If 
Impurities such as oxygen exist in a large amount at the 
re-growth boundary, light absorption (heating) at the 
so boundary due to lowered crystal quality and promotion 
of impurity diffusions through lattice defects may be 
induced, thereby inviting Impairments on property and 
reliability. 

[0055] When a substrate having a large off-angle 
35 with respect to the low degree plane direction such as 
(100) or the like for shorter wavelength is used like an 
AIGalnP/GainP based visible light laser, this apparatus 
can osdllate with a fundamental transverse mode which 
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is stable even at a high output stage, because the light 
density profile (or beam protae) has a good symmetry in 
the transverse direction even where the ridge shape of 
the ridge waveguide type Isser is horizontally symmet- 
ric, so that production yield of the device can be greatly 
improved, and high reliability can be obtained. 
[00S6] This Invention is applicable to various semi- 
conductor optical device apparatuses, and the appara- 
tus according to the invention can be combined with 
various embodiments as exemplified below. 

(A) An apparatus formal with a cwent block layer 
such as a semiconductor or dielectric on the outer 
side of the protection film constituflng the opposite 
sides of the stripe shaped opening to improve 
cleavage and yield during assembling and render- 
ing the life time longer by reducing stresses in the 
rtdge portion when the apparatus is assembled with 
a junction down state. 

(B) An apparatus capable of setf-excited oscillating 
by setting the width of the stripe shaped opening 
and the distance between the active layer and the 
protection film in a proper range and by terming the 
vertical divergence angle of the light in a ^jecific 
range. 

<C) An apparatus termed with a structure having a 
ridge dummy region on an outer side of the protec- 
tion film constituting the opposite sides of the stripe 
shaped opening to readily control the thickness of 
the stripe shaped opening, the composition, and 
the carrier concentration. 

[Q0S7] Because the semiconductor optical device 
apparatus of the invention can be manufactured by sim- 
plified steps without using any complicated and fine 
photolithography technology likewise in prior art, there 
are advantageous points to greatly improve the produc- 
tion yield. 

100S8] As a semiconductor laser apparatus to 
wtiich this invention applies, the light source for informa- 
tion processing (typically. AIGaAs based (wavelength 
about 780 nm). AIGalnP based (wavelength 600 nm 
band), InGaN based (wavelength ebout 400 nm) are 
described, but this invention is also applicable to broad 
use (particularly, high output operation) such as a sem- 
iconductor laser apparatus for telecommunication, other 
than the above, e.g., a signal light source laser for tele- 
communication (typacally, having an active layer made 
of InGaAsP or InQaAs, 1.3 Jim band, 1.6 |im band), a 
light source laser for fiber excitation (about 980 nm 
using an InGaAs strained quantum well active layer / 
GaAs substrate, about 1490 nm using an InGaAsP 
strained quantum wed active layer / InP substrate). With 
respect to the lasers for telecommunications, the laser 
having a beam close to a circle is advantageous in 
terms of a higher coupling efficiency to fibers. 
[0069] The semiconductor optical device apparatus 
according to the invention is applicable to, other than the 



semiconductor lasers, optical devices such as semicon- 
ductor optical amplifiers, optical detectors, optical mod- 
ulators, optical switches, and the 6ke, and Integrated 
devices of those devices. As for a semiconductor optical 
s amplifier, an amplifier having a structure In which the 
width of the stripe shaped opening Is in a tapered 
shape, particularly, a structure in which a stripe width Is 
reduced from the front end to the rear end, can be used 
preferably. The semiconductor optical amplifier accord- 
w Ing to the invention improves the level of gain saturation 
and allows production of a high output device of a watt 
class. 

[0070] Furthermore, the invention is applicable to a 
light emitting diode (LED), other than the semiconductor 
is laser, of end facet light emission type or the like. 

[0071] Hereinafter, examples and comparative 
examples are described to illustrate the Invention in 
detail. The material, concentration, thickness, manipu- 
lation order, and the like indicated in the following exam- 
20 pies are properly changeable as far as not goes beyond 
the spirit of the invention. Accordingly, the scope of the 
invention is not limited to the detailed examples shown 
in the following examples. 

25 [Example 1] 

[0072] In this example, a semiconductor optical 
device apparatus according to the invention having a 
cross-sectional structure shown in Fig. 1(c) was menu- 
so featured. 

[00731 On an n^type GaAs substrate 101 (n=1x10 1B 
cm' 3 ) having a thickness of 350 nm and a major surface 
of (100) plane, an n-type clad layer 102 having a thick- 
ness of 2.0 |im made of a SI doped Al x Gai. x As (x » 
55 0.55, n b 1 x 1 0 18 cm" 3 ); a double quantum well (DQW) 
active layer 1 06 in which an optical guide layer 1 03 hav- 
ing a thickness of 10 nm made of an undoped Al x Ga 1a 
„As (x « 0.35), a well layer 104- having a thickness of 8 
nm made of an undoped AI^Ga^jAs (x = 0.1 0). a barrier 
<o layer 105 having a thickness of 5 nm made of an 
undoped A^Ga^^As (x = 0.35), a well layer 104 having 
a thickness of 8 nm made of an undoped AIxGb 10( A6 (x 
o 0.10), and an optical guide layer 103 having a thick- 
ness of 10 nm made of an undoped A^Ga^As (x = 
46 0.35) are accumulated sequentially; a p-type first clad 
layer 107 having a thickness of 0.30 jim made of a Zn 
doped AlxG^.aAs (x = 0.55, p = 1 x 10* erf*): an anti- 
oxidant layer 1 08 having a thickness of 10 nm made oJ 
a Zn doped A^Ga^ (x - 0.2, p = 1 x 1 0 18 cm* 3 ) were 
50 accumulated orderly by an MOCVD method to form a 
/ double hetero- structure (Fig. 1(a)). 

|007«] Subsequently, a SIN X protection film 1 09 was 
deposited by 200 nm on the surface of the double het- 
ero substrata Many stripe shaped openings 110 were 
55 opened in this SiN x film by a photolithographfc method 
in extending in a [01-1 J direction. The stripe shaped 
opening was subject to patterning during the laser chip 
manufacturing process so that the width of the stripe 
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shaped opening became 3 lira constant, at a center 
(Wo), gradually increasing towards each end, and 4 \im, 
constant at each end (d savage facet, Wp and Wr) as 
shown in Fig. 3(a). The length at the center portion was 
400 jun; the length of the gradually increasing portion s 
was 30jim on each side; the length of the end with the 
unchanged width was zo jimon each side. 
[0075] A p-typeseoond clad layer 111 made of a Zn 
doped p-type A^Ga^As (x = 0,60. p=lx 10 19 cm" 3 ) 
having a height of 2.0 |xm at a ridge center was formed to 
on the stripe shaped opening 110 by selective growth 
using an MOCVD method (Fig. 1(b)). The p-type sec- 
ond clad layer appeared to have a ridge shape in which 
a (311) A plane was a main facet Subsequently; p-type 
contact layer 112 made of a Zn doped GaAa having a is 
carrier concentration 1 x 10 19 cm 3 was formed thereon 
by selective growth using an MOCVD method. This con- 
tact layer was grown almost isotropically on the ridge 
shaped p-type second clad layer 111 and formed as the 
p-type contact layer 1 1 2 having a thickness of 0-5 Jim as 20 
to cover the entire ridge surface (Fig. 1(b)). 
[0076] With the above MOCVD method, trlmethyl 
gallium (TMG) and trimethyl aluminum (TOA) were 
used for raw materials tor 111 group source, and arsine 
was used for raw materials for V group, where hydrogen x 
was used for carrier gas. Dimethyl zinc (DEZ) was used 
for the p-type dopant, and disilane was used for the n- 
type dopant Moreover, when the ridge is grown, the 
HO gaa is introduced at a molecular ratio of HCl / group 
III of 0.12, particularly, 0.22 as a molecular ratio of HCl/ w 
TMA. 

[0077] From SEM observation, the ridge shaped p- 
type second clad layer was confirmed as formed in 
about 0.4 jxm in covering the protection film made of 
SiNx as shown in Fig. 1, Although the undulation on a 35 
ridge side wall was made a little larger at the gradually 
increasing portion of the stripe width, the layer was con- 
firmed as formed in about 0.4 \im in covering the protec- 
tion film at that region. The contact layer covered the 
whole surface of the ridge side wall at every stripe 40 
width. This could prevent the ridge shaped p-typa sec- 
ond clad layer from being exposed on a surface and oxi- 
dized at the surface. There would be no problem to 
cover a part or the whole surface of the ridge side wall 
with a SiNx protection film likewise in a conventional «5 
method, but in this example, no protection film made of 
dielectric or the like was formed on the ridge side sur- 
face (n consideration of simpttficaljon of processing, 
reduction of contact resistance, etc. 
[0078] Subsequently, a p-type electrode 113 was so 
deposited. After the substrate was made thinner to 1 00 
|un, an n-type electrode 1 1 4 was deposited on the sub- 
strate and was alloyed (Fig. 1(c)). A laser resonator 
structure was formed by cutting Into rfiip bars by cleav- 
age from the wafer thus produced. The length of the ss 
resonator was set to 500 pm at that tima After an asym- 
metric coating of 10 % on the front end side and 90 % 
on the rear end side was made, the bar was separated 
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into each chip by secondary cleavage. 
[0079] After assembled in a manner of the junction 
down, characteristics of current vs. optical output cur- 
rent vs. voltage were measured under continuous wave 
(CW) at 25 «C. Very good characteristics of current vs. 
optical output current vs. voltage were shown, and the 
threshold value was 1.7 V, a low value corresponding to 
a bandgap of the active layer, as a confirmation of non- 
existence of any high resistance layer. A series resist- 
ance was small, 4 to 5 a and it was confirmed that the 
contact resistance between the p-type contact layer and 
the p-type electrode was very smalt The laser of this 
example could obtain a high output up to optical output 
250 mW operation, have very good property such that 
the oscillation wavelength was 785 nm in average; thD 
threshold current was 15 mA in average; the slope 
effectiveness was 1.2 mWAnA in average. The laser 
had a vertical divergence angle of 20° in average during 
the optical output of 100 mW and obtained the single 
peak far field pattern (beam divergence angle) as 
exactly designed, and it was confirmed that the optical 
profile can be controlled very well. The horizontal diver- 
gence angle was 9* in average, and a good single peak 
with no ripple or side peak was obtained in the far field 
pattern In the horizontal direction. This may suggest that 
factors are not only that the stripe width is increased 
straight but also that the laser was little affected from the 
ridge undulation of the gradually increasing portion of 
the stripe width because the ridge portion was grown 
laterally. It is to be noted that in this specification, "a sin- 
gle peak" does not necessarily mean that it allows a 
sole peak but means thai no other peak having an inten- 
sity one tenth of the maximum peak intensity exists. 
Acoordlng to those results, the laser structure of the 
invention is useful for light source for writing to optical 
discs such as CD-R, MD, etc. In addition, it was turned 
out that the structure had high reliability (stable opera- 
tion for 1000 hours or more under high output of 100 
mW. high temperature of 60°C). Moreover, In this exam- 
ple, it was confirmed that the respective devices of each 
batch or between the batches had less deviation in 
device property. 

[0080] Where the stripe width was made broader 
than the above example, it was turned out that the 
almost all devices old not oscillate with a single trans- 
verse mode (single peak in light intensity prof Be In the 
transverse direction) when the stripe width at the center 
reached 5pnor grater. This indicates that It is desirable 
to set the stripe width to be 5 fim or less to realize the 
single transverse mode oscillation. 
[0081 ] Aa a result upon confirmation through a sim- 
ulation of a region operable for high output based on the 
experimental results, it was turned out that the effective 
refractive index gap in the transverse direction in the 
active layer should be set around 5 x 1GT 3 to 1.3 x 10' 2 . 
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[Example 2] 

[0082] In this example, a semiconductor optical 
device apparatus according to the invention having a 
cross-sectional structure shown in Rg. 2(c) was manu- 
factured. 

[0083] On a GaAs substrate 201 having a thickness 
of 350 p.m and an off-angle of about 10 ° 10 15° in a [0- 
M]A direction from (100) plana, first, a Si doped n-type 
GaAs buffer layer (n ■ 1 x 10 18 cm" 3 ), which is not 
shown in Fig.2. having a thickness of 0.5 fim, an n-type 
first clad layer 202 made of a Si doped AJo.75Qao.25As (n 
= 1 x 10 1B cm" 3 ) having a thickness of 1.5 Jim, an n-type 
second clad layer 203 made of a Si doped 
(Al o7 Qao i 3)o.s^o,s p (n « 1 x 1O 10 cm* 3 ) having a thick- 
ness of 0.2 jim, a triple quantum well (TO W) active layer 
207 made of (three layers) an undoped Gao.44 |n o.6e p 
wen layer 205 having a thickness of 5 to 6 nm sand- 
wiched by an optical guide layers 204 made of an 
undoped (AI 0f ^Ga 0 .5)o.5 l "o.5P h ^ng a thickness of 50 
nm or a barrier layers 208 made of an undoped 
(Al 0 sGao s)o.5'no.5P having a thickness of 5 nm, a p- 
type first dad 'layer 208 made of a Zn doped 
(Alo, 7 Qao.a)o5l"o.5P (P = 7 x 10 17 cm" 3 ) having a thick- 
ness of 0.25 pirn, a Zn doped p-type Gao.5lno.5P antioxi- 
dant layer 209 (p « 1 x 10 1B cm 3 ) having a thickness of 
5 nm were accumulated orderly by an MOCVD method 
to form a double hetero-structure (Fig. 2(a)). At that 
time, the antioxidant layer preferably has a selected 
composition so as not to absorb light generated by re- 
combinations in the active layer in order to reduce the 
threshold current, but can be used as an over-saturation 
absorbing layer upon absorbing light intentionally to do 
self-pulsation. It is further effective to change the com- 
position of the Ga x ln 10l P antioxidant layer with Ga rich 
side (X « 0,5 to 1) or to add Al in a small amount 
((Al x Ga 1 . x )o. s ln 0 .5P» X» approximately 0.1 to 0.2) to pre- 
vent the light from being absorbed. 
[0084] Subsequently, a SiN x protection film 210 as 
an insulator (having a refractive Index 1.9 and wave- 
length 650 nm) was deposited by 200 nm on me surface 
of the double hetero substrate. Many stripe shaped 
openings 211 were opened In the SiN, film 210 by a 
photolttiographfc method in a [01-1] B direction, which 
is perpendicular to the off -angle direction. In a general 
lll-V group compound semiconductor, a [01-1]B direc- 
tion is defined so that the (11-1) plane located between 
the (100) plane and the (0V1) plane is a plana where 
the V group element appears. The stripe shaped Open- 
ing was subject to patterning during the laser chip man- 
ufacturing process so that the width of the stripe shaped 
opening became 4 jim t constant, at a center (Wc), grad- 
ually Increasing towards each end. and 5 |un, constant 
at each end (cleavage facet W F and W R ) as shown in 
Fig. 3(a). The length at the center portion was 300 \urr, 
the length of the gradually Increasing portion was 30ym 
on each side; the length of the end with the unchanged 
width was 20 \am on each side. 
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[0085] A ridge made of a Zn doped p-type 
Ala.75Gao.25As clad layer 212 (p = 1.5 x 10 1B cm -3 , 
refractive index 3.3. wavelength 655 nm) having a thick- 
ness or height of 2.0 jim at the ridge center and a Zn 
5 doped GaAs contact layer 213 having a thickness of 
O.Sfim, was formed on the stripe shaped opening 21 1 
by selective growth using an MOCVD method (Fig. 
2(b)). At that time most of the side surfaces of the ridge 
was (311) A plane or other planes dose to the plana, 
10 and the clad layer of the re-growth portion was grown as 
to cover the top surface of the protection film serving as 
an insulator, thereby allowing the contact layer to grow 
on substantially the entire surface on which a crystal 
can grow on the dad layer of the re-growth portion. 
,s Therefore, the device can make batter the controllability 
of the light profile which comes out the vicinity of the 
protection film and the ridge, can suppress the side sur- 
face of the clad layer from oxidizing, and can reduce the 
contact resistance with the electrode by increasing the 
so contact area in contact with the electrode on the epitax- 
ial surface side. This tendency is remarkable where the 
re-growth ridge is AIGaAs, particularly where the Al 
content of the AlAs compound crystal is set 0.2 to 0.9, 
preferably 0.3 to O.8.. 
25 [0086] With the above MOCVD method, trimethyl 
gallium (TWG), trimethyl aluminum (TMA), and trimethyl 
Indium (TMI) were used for raw materials for III group 
source, and arsina and phosphine were used for raw 
materials for V group, and hydrogen was used for carrier 
30 gas. Dimethyl zinc was used for the p-type dopant, and 
disilane was used for the n-type dopant. Moreover, 
when the ridge was grown, the HCl gas was introduced 
at a molecular ratio of HCl / group III of 0.2, particularly, 
0.3 as a molec Jar ratio of HCl / TMA. 
35 [0087] From SEM observation, the ridge shaped p- 
type second clad layer was confirmed as formed in 
about 0.4 jim in covering the protection film made of 
SiNx as shown in fig. 2. The contact layer covered the 
whole surface of the ridge side waO at every stripe 
40 width. This could prevent the ridge shaped p-type sec- 
ond clad layer from being exposed on a surface and aci- 
dized at the surface, There would be no problem to 
cover a part or the whole surface of the ridge side wall 
with a SiNx protection film likewise In a conventional 
<s method, but in this example, no protection film made of 
dielectric or the like was formed on the ridge side Sur- 
face in consideration of simplification of processing, 
reduction of contact resistance, etc. The ridge shape 
became slightly asymmetric horizontally due to inftu- 
so ence of the off-angle of the substrate. 

[0088] Subsequently, a p-type electrode 214 was 
deposited. After the substrate was made thinner to 100 
jim, an n-type electrode 21 5 was deposited on the sub- 
strate and was alloyed (Fig. 2(c)). A laser resonator 
$5 structure was formed by cutting into chip bars by cleav- 
age from the wafer thus produced. The length of the 
resonator was set to 500 urn at that time. After an asym- 
metric coating of 10 % on the front end side and 90 % 
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on the rear end side was made, the bar was separated 
into each chip by secondary cleavage. 
[0089] After assembled in a manner of the junction 
down, characteristics of current vs. optical output, cur- 
rent vs. voltage were measured under continuous wave s 
(CW) at 25 d C. Very good characteristics of current vs. 
optical output, current vs. voltage were shown, and the 
threshold value was 1 .7 V, a low value corresponding to 
a bandgap of the active layer, as a confirmation of non- 
existence of any high resistance layer. A series resist- 10 
ance was small, 5 to 6 Gt> and it was confirmed that the 
contact resistance between the p-type contact layer and 
the p-type electrode was very small. The laser of this 
example could obtain a high output up to optical output 
150 mW opetation, have very good property such that is 
the oscillation wavelength was 655 nm In average; the 
threshold current was 20 mA in average; the slope 
effectiveness was 1.0 mW/mA in average. The laser 
had a vertical divergence angle of 23* in average during 
the optical output of 50 mW and obtained the single so 
peak far field pattern (beam divergence angle) as 
exactly designed, and it was confirmed that the optical 
profile can be controlled very well. Rom this result, it is 
assumed that no adverse effect comes out to kink levels 
or the like due to slight asymmetry of the regrown ridge 25 
shape, since the transverse mode Is basically controlled 
by the SiNx protection film. With respect to the horizon- 
tal divergence angle, and a good single peak with no 
ripple or side peak was obtained in the far field pattern 
in the horizontal direction. According to those results, 30 
the laser structure of the invention is useful for light 
source for writing to optical discs such as DVD or the 
like. In addition, it was turned out that the structure had 
high reliability (stable operation for 1000 hours or more 
under high output Of SO mW. high temperature of 60°C). 3* 
Moreover, in this example, It was confirmed that the 
respective devices of each batch or between the 
batches had less deviation in device property. 
[0090] Where the stripe width was made broader 
than the above example, it was turned out that the to 
almost all devices did not oscillate with a single trans- 
verse mode (single peak in light intensity profile in the 
transverse direction) when the sfripe width at the center 
reached 5 jim or grater. This indicates that it is desirable 
to set the stripe width to be 5 \im or less to realize the 4s 
single transverse mode oscillation. 
[0091 ] As a result upon confirmation through a sim- 
ulation of a region operable for high output based on the 
experimental results, it was turned out that the effective 
refractive Index gap in the transverse direction in the 60 
active layer should be set around 5 x 10 4 to 1 .3 x 10" z , 

[Comparative Example 1] 

[0092] A laser chip was manufactured with the & 
same conditions as In Example 1 except that the width 
of the stripe shaped opening was set to 3 jun, 
unchanged, at the center and the ends. 



[0093] After assembled in a manner of the junction- 
down, the laser had an optical output up to merely 
around 150 mW, where characteristics of current vs. 
optical output were measured under continuous wave 
(CW) at 25 °0. Thus, during the reliability test done 
under high output of 100 mW, high temperature of 60*C 
in the same way as in Example 1, the tested twenty 
devices all increased suddenly the operation current 
between several tens hours and several hundreds hours 
after the start of continuous wave operation and 
reached sudden death in which no optical output is 
obtainable. From an observation of end facets of the 
failed devices, it was turned out that defects were 
caused by, in most cases, catastrophic optical damages 
(COD) at the end facet. 

[Example 3] 

[0094] A chip was manufactured according to sub- 
stantially the same steps as In Example 1 , and the laser 
was assembled in a manner of the junction-down. How- 
ever, the stripe shaped opening was subject to pattern- 
ing during the laser chip manufacturing process as 
shown in Fig. 3(b) so that the width of the stripe shaped 
opening became 3 Jim, constant, at a center (W c ). grad- 
ually decreasing towards each end, and 2 jim, constant, 
at each end (cleavage facet, W> and Wr). The length at 
the center portion was 400 nm; the length of the gradu- 
ally decreasing portion was 30jim on each side; the 
length of the end with the unchanged width was 20 p/n 
on each side. The laser was produced where conditions 
other than the above were the same as in Example 1. 
[0095] Characteristics of current vs. optical output, 
current vs. voltage were measured under continuous 
wave (CW) at 25 °C. Very good characteristics of cur- 
rent vs. optical output, current va voltage were shown, 
and the threshold value was also 1 .7 V, a low value cor- 
responding to a bandgap of the active layer, as a confir- 
mation of non-existence of any high resistance layer. A 
series resistance was small. 4 to 5 O. and it was con- 
firmed that the contact resistance between the p-type 
contact layer and the p-type electrode was very small. 
The laser of this example could obtain a high output up 
to optical output 150 mW operation, have very good 
property such that the oscillation wavelength was 785 
nm in average; the threshold current was 20 mA In aver- 
age; the slope effectiveness was 1.0 mW/mA in aver- 
age. The laser had a vertical divergence angle of 20* in 
average during the optical output of 50 mW and 
obtained the angle peak far f ieW pattern (beam diver- 
gence angle) as exactly designed, and it was confirmed 
that the optical profile can be controlled very well The 
horizontal divergence angle was 10* in average during 
the optical output of 50 mW and was about a haH of the 
vertical divergence angle, which came closer to a circle 
more than a conventional high output laser. Therefore, 
the laser can reduce light loss in the optical system and 
bring very good laser property and assembling yield 
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when assembled as an optical pickup because an opti- 
ca! axis in the horizontal direction Is easily adjustable. 
With respect to the far field pattern in the horizontal 
direction, a good single peak with no ripple or side peak 
was obtained. This may suggest that factors are not 
only that the stripe width is decreased straight but also 
that the laser was tittle affected from the ridge undula- 
tion of the gradually decreasing portion of the stripe 
width because the ridge portion was grown laterally. 
According to those results, the laser structure of the 
invention is useful for light source for writing to optical 
discs such as CD-R, MD, etc In addition, it was \^rr\o6 
out that the structure had high reliability (stable opera- 
tion for 1 000 hours or more under high output of 50 mW, 
high temperature of 60*C). Moreover, in this exampl®, it 
was confirmed that the respective devices of each batch 
or between the batches had less deviation in device 
property. 

[DOSS] Where the stripe width was made brooder 
than the above example, it was turned out that the 
almost all devices did not oscillate with a single trans- 
verse mode (single peak in light intensity profile in the 
transverse direction) when the stripe width at the center 
reached 5 *un or grater This indicates that it is desirable 
to set the stripe width to be 5 u.m or less to realize the 
single transverse mode oscillation. 
[0(37] As a result upon confirmation through a sim- 
ulation of a region operable for high output based on the 
experimental results, it was turned out that the effective 
refractive index gap in the transverse direction in the 
active layer should be set around 5 x 10* to 1,3 x 10" 2 . 

[Example 4] 

[0098] A chip was manufactured according to sub* 
stantlally the same steps as in Example 3, and the laser 
was assembled in a manner of the junction-down. How- 
ever, a multiple quantum well (MOW) active layer includ- 
ing an optical guide layer having a thickness of 8 nm 
made of an undoped Al K Gaj. x As (x = 0.35) and six well 
layers made of an undoped Al x Ga 1-x As (x m 0.10) was 
formed, and a p- type f irst clad layer made of a Zn doped 
Ai A Ga-j. x As (x = 0.55; p = 1 x 10 1S crrr 3 ) having a thick- 
ness of 0.35 jim was formed. The stripe shaped open- 
ing was subject to patterning so that the width of the 
stripe shaped opening became 2 ym, constant, at a 
center (W c ). gradually decreasing towards each end, 
and 1 |im, constant at each end (cleavage facet W F 
and Wq). At that time, the length at the center portion 
was 1 50 fim; the length of the gradually decreasing por- 
tion was 30nm on each side; the length of the end with 
the unchanged width was 20 jam on each side. Except 
the length of the resonator In which the ridge top of the 
p-type second clad layer made of a Zn doped AljjGa-,. 
^As (x * 0.60; p = 1 x 10 1B crrT 3 ) was 1.5 )im in height 
was 250 jim. and except a symmetric coating of 32 % 
on both of the front end and the rear end was made, the 
chip was experimentally produced by the same process 



as in Example 3. 

[0099] The laser of this example could achieve serf- 
exerted oscillation up to operation of an optical output of 
1 0 mW or greater, and had very good property such that 

5 the oscillation wavelength was 785 nm in average; the 
threshold current was 20 mA in average; the slope 
effectiveness was 0.6 mWAmA in average. The laser 
had a vertical divergence angle of 30° in average during 
the optical output of S mW and obtained the single peak 

w tar field pattern (beam divergence angle) as exactly 
designed, and it was confirmed that the optical profile 
can be controlled very well. The horizontal divergence 
angle was 1 5° In average during the optical output of 5 
mW and was about a haH of the vertical cflvergence 

is angle, which came closer to a circle more than a con- 
ventional high output laser. With respect to the far f ieto 
pattern in the horizontal direction, a good single peak 
with no ripple or side peak was obtained. This may sug- 
gest that factors are not only that the stripe width is 

20 decreased straight but also that the laser was little 
affected from the ridge undulation of the gradually 
decreasing portion of the stripe width because the ridge 
portion was grown laterally. According to those results, 
the laser structure of the invention is useful for light 

ss source for reading for optical discs such as CD, MD. etc. 
In addition, it was turned out that the structure had high 
reliability (stable operation for 1000 hours or more under 
output of 8 mW, high temperature of 80°C). Moreover, in 
this example, it was confirmed that the respective 

30 devices of each batch or between the batches had less 
deviation in device property. 

[0100] Where the center width W c of the stripe 
shaped opening was made broader than the above 
example, it was turned out that the almost all devices 
35 did not oscillate by self-excrtation when the width 
reached 3 \m or grater. This indicates that It is desirable 
to set the center width W c of the stripe shaped opening 
to be less than 3 yum to realize the self-excited oscilla- 
tion. 

40 (0^01] In manufacturing a self-excitation oscillation 
laser having MQW active layer, the number of wells is 
preferably as a lower limit 3 or more, more preferably 4 
or more, and as an upper limit preferably 10 or less, 
more preferably 8 or less. 

45 [01 02] As a result upon confirmation through a sim- 
ulation of a region in whkJh the center width Wc of the 
stripe shaped opening and the thickness dp of the sec- 
ond conductive type first dad layer satisfy the setf- 
excited oscOlation condition, ft was turned out that the 

so effective refractive index gap in the transverse direction 
in the active layer should be set around 2 x 1 0' 3 to 7 x 
10" s and that fight encroaching rate T ACTO ut to the 
respective ridge sides should be set to around 10 to 40 

55 

[Example 5] 

101 03] A chip was manufactured according to sub- 
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stantfally the same steps ad in Example 2. and tha 
laser was assembled in a manner of the junction-down. 
However, the thickness of tha p-type first clad layer 
208 (p - 7 xlO 17 cnf 3 ) made of the Zn .doped 
(Al 07 Gao.3)o.5 ,n o.5 p was set to 0,3 jim. The stripe 5 
shaped opening was subject to patterning during the 
laser chip manufacturing process as shown in Fig. 3(b) 
so that the width of the stripe shaped opening became 
4 >im, constant, at a center (W c ), gradually decreasing 
towards each end. and 3 nm, constant, at each end iq 
(cleavage facet, W F and Wrf. The length at the center 
portion was 300 fim; me length of the gradually 
decreasing portion was 3tyun on each side; the length 
of the end with the unchanged width was 20 jur on each 
side. The laser was produced where conditions other ^ 
than the above were the same as in Example 2. 
[0104] Characteristics of current vs. optical output, 
current vs. voltage were measured under continuous 
wave (CW) at 25 8 C, Very good characteristics of cur- 
rent vs. optical output, current vs. voltage were shown, 20 
and the threshold value was also 1 ,7 V, a low value cor- 
responding to a bandgap of the active layer, as a confir- 
mation of non-existence of any high resistance layer. A 
series resistance was small, 5 to 6 ft. and H was con- 
firmed that the contact resistance between the p-type 25 
contact layer and the p-type electrode was very small. 
The laser of this example could obtain a high output up 
to optical output 100 mW operation, have very good 
properly such that the oscillation wavelength was 655 
nm in average; tha threshold current was 20 mA in aver- so 
age; the slope effectiveness was 1.0 mW/mA in aver* 
age. The laser had a vertical divergence angle of 23° in 
average during the optical output of 35 mW and 
obtained the single peak tar field pattern (beam diver- 
gence angle) as exactly designed, and it was confirmed ss 
that the optical profile can be controlled very well. The 
horizontal divergence angle was 10° in average during 
the optical output of 35 mW and was about a half of the 
vertical divergence angle, which came closer to a circle 
more than a conventional high output laser. With to 
respect to the far field pattern in the horizontal direction, 
a good single peak with no ripple or side peak was 
obtained. This may suggest that factors are not only that 
the stripe width is decreased straight but also that tha 
laser was little affected from the ridge undulation of the « 
gradually decreasing portion of the stripe width because 
the ridge portion was grown laterally. From this result, it 
Is assumed that no adverse effect comes out to Wnk lev- 
els or the like due to slight asymmetry of the re-grown 
ridge shape, since the transverse mode is basically con- so 
trolled by the SiNx protection fflm. With respect to the 
horizontal divergence angle, and a good single peak 
with no ripple or side peak was obtained in tho far field 
pattern m the horizontal direction. According to those 
results, the laser structure of the invention is useful for ss 
light source for writing to optical discs such as DVD or 
the like, in addition. It was turned out that tha structure 
had high reliability (stable operation for 1000 hours or 
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more under high output of,35 mW, high temperature of 
60*C). Moreover, in this example, It was confirmed that 
the respective dwices of each batch or between the 
batches had less deviation in device property. 
[0105] Where the stripe width was made broader 
than the above example, it was turned out that the 
almost ail devices did not oscillate with a single trans- 
verse mode (single peak in light intensity profile in the 
transverse direction) when the stripe width at the center 
reached 5 urn or grater. This indicates that it is desirable 
to set the stripe width to be 5 nm or less to realize the 
single transverse mode oscillation, 
[01 06) As a result upon confirmation through a sim- 
ulation of a region operable for high output based on the 
experimental results, it was turned out that the effective 
refractive index gap in the transverse direction in the 
active layer should be set around 5 x 10* to 1.3 x 10~ z . 

[Example 5] 

[Q107J A quadruple quantum well (QOW) active 
layer Including a guide layer having a thickness of 70 nm 
made of an undoped (Alo.5Gao.s)o.3lno,5P ^ tour wetl 
layers made of an undoped Gao.44lno.5eP was formed, 
and a Zn doped p-type (AI 0 7Qao,3)o.5»no.5P clad layer (p . 
a 1 x 10 17 cm" 3 ) having a thickness of 0,35 jim was 
formed. The etrfce shaped opening was subject to pat- 
terning so that the width of the stripe shaped opening 
became 2.5 urn, constant, at a center (W c ), gradually 
decreasing towards each end, and 1 .5 urn, constant at 
each end (cleavage facet, W F and Wr). At that time, the 
length at the center portion was 250 >im; the length of 
the gradually decreasing portion was 30um on each 
side; the length of the end with the unchanged width 
was 20 um on each side. Except that the height of the 
ridge center of a Zn doped p-type Afo.75Gao.25As clad 
layer (p = 1 .5 x 10 18 cm* 3 ; refractive index of 3.3, wave- 
length of 655 nm) was 1 .5 urn, that the length of the res- 
onator was 350 jim, and that an asymmetric coating of 
32 % on the front end side and B0 % on the rear end 
side was made, the chip was experimentally produced 
by the same process as in Example 5. 
(01 06] The laser of this example could achieve self- 
excited oscillation up to operation of an optical output of 
5 mW or greater, and had very good property such that 
the oscillation wavelength was 655 nm in average; the 
threshold current was 25 mA in average; the slope 
effectiveness was 0.5 mW/mA in average. The laser 
had a vertical divergence angle of 30* in average during 
the optical output of 5 mW and obtained the angle peak 
far field pattern (beam divergence angle) as exactly 
designed, and it was confirmed that the optical profile 
can be controlled very well. The horizontal divergence 
angle was 1 5 9 in average during the optical output of 5 
mW and was about a half of the vertical divergence 
angle, which came closer to a circle more than a con- 
ventional high output laser. With respect to the far field 
pattern in the horizontal direction, a good single peak 
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with no ripple or side peak was obtained. This may sug- 
gest that factors are not only that the strip© width is 
decreased straight but also that the laser was little 
affected from the ridge undulation of the gradually 
decreasing portion of the stripe width because the ridge $ 
portion was grown laterally. According to those results, 
the laser structure of the invention is useful for Tight 
source tor reading for optical discs such as CD, MD, etc. 
In addition, ft was turned out that the structure had high 
reliability (stable operation for 1 000 hours or more under 10 
output of 5 mW, high temperature of 70*C). Moreover, in 
this example, h was confirmed that the respective 
devices of each batch or between the batches had less 
deviation in device property. 

[0109] Where the center width W c of the stripe ts 
shaped opening was made broader than the above 
example, h was turned out that the almost all devices 
did not oscillate by self -excitation when the width 
reached 3 urn or grater. This Indicates that it is desirabl e 
to set the center width W c of the stripe shaped opening 20 
to be less than 3 urn to realize the self-excited oscilla- 
tion. 

[01 1 0] As a result upon confirmation through a Sim- 
ulation of a region in which the center width Wc of the 
stripe shaped opening and the thickness dp of the sec- 25 
ond conductive type first clad layer satisfy the self- 
exerted oscillation condition, it was turned out that tha 
effective refractive Index gap in the transverse direction 
In the active layer should be set around 2 x iCr 3 to 7 x 
10* and that light encroaching rate Tact.out to the so 
respective ridge sides should be set to around 1 0 to 40 
%, 

[Comparative Example 2] 

35 

[0111] A laser chip was manufactured with the 
same conditions as In Example 3 except that the width 
of the stripe shaped opening was set to 3 juri, 
unchanged, at the center and the ends. 
[01 1 2] After assembled in a manner of the junction- 40 
down, the laser property was measured under continu- 
ous wave (CW) at 25 0 C, but at the optical output of 35 
mW. the vertical divergence angle was 23 d in average; 
the horizontal divergence angle was 8° in average; the 
horizontal divergence angle became smaller, one third 45 
of the vertical divergence angle, which indicated a beam 
in considerably an ellipse shape. Thus, the laser 
increased light loss In the optical system and rendered 
difficult the optical axis adjustment in horizontal direc- 
tion, so that the laser property and assembling yield so 
when the laser was assembled as an optical pickup 
were Inpaired. 

Claims 

55 

1 . A semiconductor optical device apparatus corrpris- 
Ing: 



a substrate; 

a compound semiconductor layer containing an 
active layer; 

a protection film having a stripe-shaped open- 
ing formed on the compound semiconductor 
layer; and 

a ridge type compound semiconductor layer 
having a smaller refractive Index than tha 
refractive index of the active layer, the ridge 
type compound semiconductor layer being 
formed as to cover the stripe-shaped opening, 
wherein the compound semiconductor layer, 
the protection film, and the ridge type com- 
pound semiconductor layer are formed on the 
substrate, and wherein the semiconductor opti- 
cal device apparatus satisfies either or both of 
the following conditions (a) and (b): 
condition (a): a width (W c ) at an opening 
center of the stripe-shaped opening is different 
from a width (W F ) of the opening front end; and 
condition (b): a width (W c ) at an opening 
center of the stripe-shaped opening is different 
from a width (Wr) of the opening rear end. 

JL The semiconductor optical device apparatus 
according to claim 1. wherein the semiconductor 
optical device apparatus satisfies either or both of a 
condition ot IW F • W c | 2s 0.2 u.m and a condition 
of |W n -W c |:>0.2 jam. 

3, The semiconductor optical device apparatus 
according to claim 2, wherein the semiconductor 
optical device apparatus satisfies either or both of a 
condition of |W F - W c | 2 0.5 urn and a condition 
of |W R -w c |2:0.5 jim. 

4* The semiconductor optical device apparatus 
acceding to any one of claims 1 to 3. wherein the 
semiconductor optical device apparatus satisfies 
either or both of a condition of |W F -W c |s5um 
and a condition of |W R - W c l £ 5 urn . 

5. The semiconductor optical device apparatus 
according to claim 4, wherein the semiconductor 
optical device apparatus satisfies either or both of a 
condition of |W P - WC| £ 3 ym and a condition of 
|W R -W Q |S3|im. 

S. The semiconductor optical device apparatus 
according to claim 5, wherein the semiconductor 
optical device apparatus satisfies either or both of a 
condition of |W F • W c | s 2 u.m and a condition of 
|W R -W 0 |*2iun. 

7. The semiconductor optica) device apparatus 
according to any one of claims 1 to 6, wherein the 
semiconductor optical device apparatus satisfies a 
condition of W c a 2.2 nm. 
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& The semiconductor optical device apparatus 
according to any one of claims t to 7, wherein the 
semiconductor optical device apparatus satisfies a 
condition of W c ^ 50 jutl 

5 

9. The semiconductor optical device apparatus 
according to any one of claims 1 to 8, wherein the 
semiconductor optical device apparatus satisfies 
both of tha conditions (a) and (b). 

10 

10. The semiconductor optical device apparatus 
according to any one of claims 1 to 9, wherein tha 
semiconductor optical device apparatus satisfies 
either or both of W F s w c and w R * w c . 

18 

11. The Bemiconductor optical device apparatus 
according to claim 10, wherein the semiconductor 
optical device apparatus satisfies both of W F s W c 
andW R aW c . 

20 

12. The semkwnductor optical device apparatus 
according to claim 11, wherein the semiconductor 
optical device apparatus satieties a condition of 

13. The semiconductor optical device apparatus 
according to claim 1 1 or claim 12, wherein the width 
of the stripe-shaped opening has a portion gradu- 
ally increasing as coming closing to an opening 
front end or an opening rear end from an opening 
center. 

14. The semiconductor optical device apparatus 
according to any one of daims 11 to 13 r . wherein 
the width of the stripe-shaped opening is approxi- 35 
mately unchanged around an opening front end 
and an opening rear end. 

15. The semiconductor optical device apparatus 
according to any one of claims 11 to 14, wherein *o 
the semiconductor optical device apparatus satis- 
fies both of Wp 3 urn and W R * 3 um 

16. The semiconductor optical device apparatus 
according to any one of claims 1 1 to 15. wherein 45 
the semiconductor optical device apparatus satis- 
fies both of W P £ 500 nm and W R s: 500 jim. 

17. Trie semiconductor optical device apparatus 
according to any one of claims 11 to 16, «> 
wherein the semiconductor optical device appa- 
ratus satisfies both of w F /W c a 1.2 urn and 
w R /w c a 1.2 ^m. 

18. The semiconductor optical device apparatus ss 
according to claim 17, wherein the semiconductor 
optical device apparatus satisfies both of 
W F /W g il^|im and W R /W C * 1.5 urn. 
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19. The semiconductor optical device apparatus 
according to any one of daims 11 to 18, wherein 
the semiconductor optical device apparatus 
satisfies both of W F 7W C £ 50 pm and 
W n /W o *50H.rri. 

20. The semiconductor optical device apparatus 
according to claim 19, wherein the semiconductor 
optical device apparatus satisfies both of 
W F /W c £l0nm and W H /W c *10nm. 

21. The semiconductor optical device apparatus 
according to any one of claims 1 to 9, wherein the 
semiconductor optical device apparatus satisfies 
either or both of W F s W c and W p * W c . 

22. The semiconductor optical device apparatus 
according to claim 21, wherein the semiconductor 
optical device apparatus satisfies both of W F * w c 
and W H £W C . 

23. The semiconductor optical device apparatus 
according to claim 22, wherein the semiconductor 
optical device apparatus satisfies a condition of 
W F -W R . 

24. The semiconductor optical device apparatus 
according to claim 22 or claim 23, wherein the width 
Of the stripe-shaped opening has a portion gradu- 
ally decreasing as coming closing to an opening 
front end or an opening rear end from an opening 
center. 

25. The semiconductor optical device apparatus 
according to any one of claims 22 to 24, wherein 
the width of the stripe-shaped opening is approxi- 
mately unchanged around an opening front end 
and an opening rear end. 

26. The semiconductor optical device apparatus 
according to any one of claims 22 to 25, wherein 
the semiconductor optical device apparatus satis- 
fies both of Wp a 0.5 u.m and W R * 0.5 um 

27. The semiconductor optical device apparatus 
according to any one of claims 22 to 26, wherein 
the semiconductor optical device apparatus satis- 
fies both of Wp s 10 jim and W R < 10 um 

28. The semiconductor optical device apparatus 
according to any one of claims 22 to 27. wherein 
the semiconductor optica I device apparatus 
satisfies both of W r /W c 2 0.02 and 
W R /W c a0.02. 

29. The semiconductor optical device apparatus 
according to claim 28, wherein the semiconductor 
optical device apparatus satisfies both of 
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W F /W C *0.1 and W n /W o *0/l. 

30. The semiconductor optical device apparatus 
according to an/ one of claims 22 to 29, wherein 
the semiconductor optical device apparatus s 
satisfies both of W F /w c <:0.85 and 
w R /w c <:o.85. 

31. The semiconductor optical device apparatus 
according to claim 30. wherein the semiconductor 10 
optical device apparatus satisfies both of 
W F /W C S0.7 and W R /W c s:0.7. 

32. The semiconductor optical device apparatus 
according to any one of claims 1 to 9. whenein the T5 
semiconductor optical device apparatus satisfies 
either W F * W c * W R or W F iW c i W R . 

33. The semiconductor optical device apparatus 
according to claim 32, wherein the semiconductor zo 
optical device apparatus satisfies a condition of 
IWp-Wpli 0.5 p.m. 

34. The semiconductor optical device apparatus 
according to claim 32 or claim 33. wherein the sem- *fi 
(conductor optical device apparatus satisfies a con- 
dition of |W p -W R | <: 100 |im. 

35. The semiconductor optical device apparatus 
according to claim 34, wherein the semiconductor so 
optical device apparatus satisfies a condition of 
|W F -W R l£50nm. 

36. The semiconductor optical device apparatus 
according to any one of claims 32 to 35, wherein 55 
the semiconductor optical device apparatus satis- 
fies a condition of W F 4 W c 4 W R . 

37. The semiconductor optical device apparatus 
according to any one of claims 32 to 35. wherein « 
the semiconductor optical device apparatus satis- 
fies a condition of W F 2> W c * W R . 

38. The semiconductor optical device apparatus 
according to claim 37, wherein the semiconductor 
optical device apparatus satisfies a condition of 
W F /W R 2 1.2. 

39. The semiconductor optical device apparatus 
according to claim 3d, wherein the semiconductor 
optical device apparatus satisfies a condition of 
W F /W R *1.5. 

40. The semiconductor optical device apparatus 
according to any one of claims 37 to 39, wherein 
the semiconductor optical device apparatus satis- 
fies a condition of w F /w R sso. 
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41. The semiconductor optical device apparatus 
according to claim 40, wherein the semiconductor 
optical device apparatus satisfies a condition of 
W F /W R ^10. 

42. The semiconductor optical darfce apparatus 
according to any one of claims 1 to 41 , wherein no 
protection film is formed on a ridge top and a side 
surface of the ridge type compound semiconductor 
layer. 

43. The semiconductor optical device apparatus 
according to any one of claims 1 to 42, wherein a 
contact layer is formed to cover a ridge top and a 
side surface of the ridge type compound semicon- 
ductor layer. 

44. The semiconductor optical device apparatus 
according to any one of claims 1 to 43, wherein a 
crystal growth plane of the substrate is (100) plane 
or its crystallographically equivalent plane, and 
wherein a longitudinal direction of a stripe-shaped 
opening of the protection film is 101-11 direction or 
Its crystaltographically equivalent direction. 

45. The semiconductor optical device apparatus 
according to any one of claims 1 to 44. wherein the 
ridge type compound semiconductor layer is 
formed at a portion on the protection film. 

46- The semiconductor optical device apparatus 
according to any one ol claims 1 to 45, wherein the 
compound semiconductor layer containing the 
active layer includes a layer in which an In content 
of the compound crystal Is 5 % or higher, and 
wherein the In content of the compound crystal of 
the ridge type compound semiconductor layer is 10 
%or less. 

47. The semiconductor optical device apparatus 
according to claim 46, wherein the clad layer having 
a refractive index smaller than that of the active 
layer formed on the active layer has an In content of 
5 % or higher. 

45 

48. The semiconductor optical device apparatus 
according to claim 46 or 47, wherein at least one 
layer among the clad layer having a refractive index 
smaller than that of the active layer formed below 

50 the active layer, the active layer, and the clad layer 
having the refractive index smaller than that of the 
active layer formed on the active layer is made of a 
compound represented by (AlxGaj.jJyFn^yP [Osxi 
1,0.05sysl]. 

49. The semiconductor optical device apparatus 
according to any one of claims 46 to 48. wherein 
the in content of the compound crystal of the ridge 
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type compound semiconductor layer is 5 % or less. 

50- The semiconductor optical device apparatus 
according to claim 49. wherein the In content of the 
compound crystal of the ridge type compound sem- s 
iconductor layer is 1 % or (ess. 

51. The semiconductor optical device apparatus 
according to any one cf claims 1 to 50, wherein the 
semiconductor optical device apparatus is a semi- w 
conductor light-emitting device. 

52. The semiconductor optical device apparatus 
according to any one of claims 1 to 50, wherein the 
semiconductor optica) device apparatus is a semi- is 
conductor laser. 

53. The semiconductor optical device apparatus 
according to any one of claims 1 to 50, wherein the 
semiconductor optica) device apparatus is a semi* 20 
conductor optical amplifier. 
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ABSTRACT 



A somiconducinr laser device ha* a striped sinjelum fnr 
injecting carriers and inchidos a first electrically-conductive 
cladding layer, an active layer, and a second electrically- 
conductive cladding layer that are formed on a substrate. A 
width nf the stripe change* along a resonator direction, a 
difference between LI and JU is within 200 /on, and RfcRr, 
where H is a distance from a front end face to a position at 
which the width of tbc stripe is minimal, Lis a length of a 
resonator of the semiconductor laser device, Rf is a reflec- 
tivity of the from end face, Rr is a reflectivity of a rear end 
race, and Li Is a distance expressed by LxLog/RQ/ 
Log,(RfxRr). The saturation of a light emission efficiency is 
suppressed in a high power operation, allowing a stable 
fundamental transverse mode oscillation. 
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SEMICONDUCTOR LASER DEVICE AND 
OPTICAL PICKUP APPARATUS USING THE SAME 

BACKGROUND OF THE INVENTION 

[004)1] 1 . Pick) of The Invention 

[0002] The present invention relate* to o semiconductor 
laser device id which the saturation of a light emission 
efficiency in a high power operation in suppressed, unci an 
optical piclcup apparatus using the same. 

[0003] 2. Description of Related Art 

[06D4] A semiconductor User device (in the following, 
also referred to as a semiconductor laser) is in wide use in 
various fields. For example, since an AIGalnP semiconduc- 
tor laser emits red laser light m a wavelength band of 650 
nm, it is used widely as a light source in the field of optical 
disk systems such as DVDs. As an exemplary structure of 
the semiconductor laser, a double hctcro structure including 
an active layer and two cladding layers sandwiching the 
active layer, in which one of the clodding layers forms a 
mesa-shaped ridge is known (sec JP 2001-196694 A, for 
example). 

[0005] FIG, 10 shows an example of an AIGalnP semi* 
conductor laser having such a structu/o. The composition 
ratio of each Jnycr described below will be omitted. In the 
semiconductor laser shown in FIG* 10, an n-lypc GaA* 
buffer Uycr 102, an n-type GalnP buffer layer 103 and an 
n-lypc (AlGa)InP claddiog layer 104 arc stacked in this 
order on an n-typc GaAs substrate 101 having a plane tilted 
by 15° in a [011] direction from a (100) plane as a principal 
plane. Furthermore, a strained-quantum well active layer 
105, a p-iypc (AlGa)InP first claddiog layer 106, a p-iypc (or 
undoped) GalnP etching stop layer 107, a p-typc (AIGa)lnP 
second cladding layer 108, a p-type GaloP intermediate 
layer 109 and a p-typc GaAs cap layer H0 are stacked on the 
n-lypc (AlGa)lnP cladding layer 104. Here, the p-typc 
(AIGa)lnP second cladding layer 10$, the p-type GaraP 
intermediate layer 109 and the p-typc GaAs cap layer 110 
are formed as a ridge having a regular mesa shape on the 
p-type GalnP etching slop layer 107. Furthermore, an n-type 
GaAs current blocking layer 111 is formed on the p-type 
GalnP etching slop layer 107 and on the side surfaces of the 
ridge. A p-type GaAs contact layor 112 is stacked on the 
n-lypc (iaAs current blocking layer 111 nod Ihc p-lype GaAs 
cap layer 110 located in the upper portion of the ridge. The 
strained-quantum well active layer 105 includes an 
(AlGa)lnP layer and a GalnP layer. 

[OOOfi] Id tbe semiconductor laser shown in KlG. 10, an 
electric current injected from the p-type GaAs contact layer 
112 is confined to tbe ridge portion atone by the n-type GaAs 
cvrrem blocking layer 111 and concentrates inlo the 
strained-quantum well active layer 105 near a bottom of the 
ridge. Thus, in spite of tbe amount of injected current being 
as small as several tens of mA, a population inversion stale 
of carriers required for laser oscillation is achieved. At this 
time, the recombination of carriers generates ligbt. Then, in 
a direction perpendicular to the strained -quantum well active 
layer 105, the light is confined by both of the n-rype 
(AlGa)lnP cladding layer 104 and the p-typc (AJGa)lnP first 
cladding layer 106, and in a direction parallel with the 
strained -quantum well active layer 105, the GaAs current 
blocking layer 111 absorbs the generated light, thereby 
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performing lighl confinement. Consequently, when the gain 
obtained by the injected current exceeds the loss in a 
waveguide in the strained-quanium well active layer 105, 
laser oscillation occurs. 

[0007] In such a semiconductor laser, it is desired that 
highest possible light output should be achieved for rewrit- 
ing an optical disk at a high speed. For example, in order to 
achieve at least a quRd-spccd rewriting for a DVD optical 
disk, a Wgbt output as high as 10O mW or more is required. 
For obtaining such a high output power, it is necessary to 
prevent a COD (catastrophic optical damage), in which an 
end face of a semiconductor laser is melted down and broken 
by its own light output at the time of high power operation. 
The COD is prevented effectively by reducing a light density 
inside the end face of a rcsouator of the laser so as to 
suppress heat generation. For this purpose, coating a from 
end face of tbe semiconductor laser for extracting User light 
with a dielectric such as Si0 2 , Al^O, or amorphous Si so as 
to reduce its reflectivity is effective. 

[0008] Id general, the reflectivity of the end face of the 
resonator of AIGalnP and AIGaAs semiconductor lasers is 
about 30% when the end Face is not coated. In this case, 
about 30% of the laser light is reflected by the resonator end 
face and fed back to the inside of the resonator, while about 
70% of the laser light Is extracted from the front end face. 
In contrast, when tbe front end face is coated with a 
dielectric film to have a reflectivity of 10%, 10% of the laser 
light is reflected by the rcMmator end face and fed back tn 
the inside of the resonator, while 90% thereof is extracted 
from the front end face. In other words, in tbe case where the 
same light output is extracted from the from end face, when 
the reflectivity of the front end face is reduced to ft, it also 
is possible to reduce the light density of the resonator end 
face to '/;>, Accordingly, reducing the reflectivity of the front 
end face increases a COD level and thus is effective in 
obtaining a high-power laser. Furthermore if the reflectivity 
of a rear end face, which is an opposite side of the resonator 
face from which tbe laser ligbt is extracted, is set to be high, 
it is possible lo enhance a ligbt extraction efficiency from the 
front end face of the semiconductor laser. Therefore, in a 
general high-power semiconductor laser, an cod face coating 
condition of reducing tbe reflectivity of the front end face 
and increasing that of the rear end face is used widely. 

[0009] As described above, in order to obtain a high- 
power laser, the reduction in the reflectivity of tbe Croni end 
race and the increase in that of the rear end face arc effective 
in improving the COD level and tbe ligbt extraction effi- 
ciency. However, when the reflectivity of tbe front end face 
is reduced excessively, the laser light that is fed back Inside 
the resonator decreases,, raising an oscillation threshold 
current. Also, in the case of applying tbe semiconductor 
laser to an optical disk, when the reflectivity of the front end 
face is low, it becomes likely that reflected light returning 
from tbe optical disk may generate noise (noise induced by 
returning light). Accordingly, in a high-power laser, the front 
cod face usually is coated such that its reflectivity is about 
5% to 10% so as both to achieve a high lighl extraction 
efficiency and reduce the noise induced by returning lighl. 
further, the rear end face is coated so as lo achieve a highest 
possible reflectivity, namely, about 95% to 100% tn general, 

[0010] As described above, the front end Eace and the rear 
end Face of ihc higb-power laser have considerably different 
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reflectivities. In such cases, the distribution of the intensity 
of light propagating through the active Uycr in a resonator 
direction b not front-rear symmetrical with respect id the 
resonator but front-rear asymmetrical as .shown in FIG* 2 
where the front end face side has a higher intensity in Jight 
intensity distribution. FIG. 2 shows a light distribution in 
iho resonator direction of a device whose resonator length is 
HOfl/zm, rmnt end lace reflectivity » 1% and rear end has 
reflectivity b 95%, as »n example. 

[0011] In this case, since a more intensive stimulated 
emission occurs on the from end face side having a higher 
h'ghi intensity than on the rear end face side, more electron- 
bole pairs have to be injected into the active layer oa the 
front end face side than Lhat on the rear end face side, 
llspedally in a high power operation, the front end face side 
becomes short of the electron-hole pairs in the active layer, 
which may cause a saturation of a light emission efficiency. 
This saturation of the light emission efficiency may degrade 
tempera lure characteristics or a high-power laser of 200 in 
300 mW or higher, thus posing a serious problem. 

SUMMARY OF THE INVENTION 

[0012] Ti is an object of the present invention to provide a 
semiconductor laser device in which the saturation of a light 
emission efficiency is suppressed in a high power operation, 
allowing a stable fundamental transverse mode owaJlaiion. 

[0013] A semiconductor laser device according to the 
prcsenl invention has a sloped structure for injecting carriers 
and include* a firsl electrically-conductive dadding layer, an 
active layer, and a second electrically-conductive cladding 
layer that are formed on a substrate. 

[0014] In order to solve the above-mentioned problems, in 
a semiconductor laser device with a first structure, a width 
»f ihc stripe changes along a resonator direct ion, a difference 
between U and Ll is within 200 fim % and Rf<Rr, where Ll 
is a distance from i front end face to a position at which the 
width of the stripe is minimal, T., is a tcnglh of a resonator of 
the semiconductor laser device. Rf is a reflectivity of the 
front end face, Rr is a reflectivity of a rear end face, and U 
is a distance expressed by LxLog c (RI>/Log c (RfxRr). 

[0015] In a semiconductor laser device with a second 
structure, the semicooductor laser device has a region in 
which a width of the stripe decreases continuously from a 
front end face to a rear end face, a difference between Ll and 
I A is within 200 /an, and Rf<Rr, where 1.1 is a distance from 
the front end face to a petition at which the width of the 
stripe is minimal in the region in which the wjdeb of The 
stripe decreases continuously, L is a length of a resonator of 
the semiconductor tasor device, Rf is a reflectivity of the 
fronl end Tact, Rr is a rencctiviiy of the rear end face, and 
U is a distnnce expressed by LxLofc/RO/Log^RfxRr). 

[0016] An optical pickup apparatus according lo the 
present invention includes the semiconductor laser device 
with the above-described structure, and a light-receiving 
portion for receiving light that is emitted from the semicon- 
ductor laser device and then reflected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] PIG. 1 is a sectional view showing a semiconduc- 
tor laser device according io a first embodiment of the 
present invention. 



[0018] FIG. 2 shows a light intensity distribution in a 
resonator direction of a semiconductor laser device accord- 
ing lo an embodiment of lh« present invention. 

[0010] FIG. JA shows bow a bottom width of a ridge 
changes along a resonator direction of a semiconductor laser 
device in an example 

[0020] FIG. 3B shows bow a bottom width of a ridge 
changes along a resonator direction of a semiconductor laser 
device in another cximplc. 

[0021] FIG. 4 show?; a relationship between a minimum 
bottom width of the ridge and a differential efficiency in 
current-light output characteristics. 

[0022] FIG. 3 shows a relationship between the minimum 
bottom width of the ridge and a maximum light output in a 
semiconductor laser device according to an embodiment of 
the present invention. 

[0023] FIC. $ illustrates an example of current-light out- 
put characteristics in the semiconductor laser device of the 
present invention and a conventional semiconductor laser 
device. 

[0024] FIGS, 7A to 7F are .sectional views showing a 
method for manufacturing the semiconductor laser device 
according to the first embodiment of the present invention. 

[0023] FIG. 8 is a sectional view showing an optical 
pickup apparatus according to a second embodiment of the 
present invention. 

[0026] FIG. 9 is a sectional view showing an optical 
pickup apparatus having another structure according to the 
second embodiment of the present invention. 

[0027] FIG. 10 is a sectional view showing a semicon- 
ductor Laser device in a conventional example. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[002fl] Wiib the above-described structure, the semicon- 
ductor laser device according to the prcsenl invention 
achieves a high thermal saturation level and is capable of a 
fundamental transverse mode oscillation up to a high output 
state. 

[0029] Also, using the semiconductor laser device with the 
ahove-descrihed structure, an optical axis of HKH is stabi- 
lized, thereby achieving an optical picloip apparatus capable 
of a fundamental transverse mode oscillation up to a high 
output state. 

[0030] It is preferable that the semiconductor laser device 
of the present invention has regions near the front end face 
and the rear end face in which the width of the stripe is 
constant from the firont end face and the rear end face to an 
inside of the resonator. 

[0031] Also, it is preferable mat Ll is substantially equal 
to Lt. 

[0032] ft olso is preferable that the active layer nenr at least 
one of the front end face and the rear end face is disordered 
by diffusing impurities. 

[0033] The optical pickup apparatus according to the 
present invention further can include a light-branch log por- 
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lion for branching ihc reflected light, in which the lighi- 
rcccivinfi portion receives the reflected lighl branched by' the 
lighi-hranching portion. 

[0034] Also, the semiconductor User device and Ihc light- 
receiving portion can be disposed on a single supporting 
substrate. 

[0035] Further, the semiconductor laser device can he 
disposed on a supporting substrate, and nn optical ekmcnt 
can be provided so »s to reflect iho light emitted from the 
semiconductor laser device in a direction normal io a surface 
of the supporting substralc, The optical element can be a 
reflecting mirror. 

[0036] The following is a description of embodiments of 
the present inveminn, with reference In the accompanying 
drawing*. In ihe embodiments described below, the same 
portions sometimes arc given the same reference numerals 
SO that the redundant description wj(] be omitted. 

First Embodiment 

[0037] The structure of a semiconductor laser device (in 
the following, also referred to as a semiconductor laser) io 
Ihe first embodiment of the present invention will be 
described. 

[0038] FIG. 1 n a sectional view showing an example of 
the semiconductor laser device in the prcscol embodiment. 
A semiconductor laser device shown in FIG. t is formed on 
an o-lypc GaAs substrate 10 having a plane tilted by 10° in 
a [01 1] direction from a (100) plane as a principal plane. An 
n-typc (raA* bufTer layer 11, an n-lypc (AlGa)InP first 
cladding layer 12, an active layer 13, a p-type (A10a)FnP 
second cladding layer 14 and a p-typc GalnP protective layer 
15 arc stacked in this order on the n-type GaAs substrate 10. 
In this way, a doublo hetero structure in which the active 
layer 13 f» sandwiched by two cladding layers 12 and 14 is 
formed, 

[0039] Furthermore, the p-type (AlGa)lnP second clad- 
ding layer 14 forms a ridge having a regular mesa shape on 
the active layer 13, Moreover, an n-typc AllnP current 
blocking layer 16 is formed so as to cover side surfaces of 
the ridge, and a p-type (iaAs contact layer 17 b stacked on 
the n-lypc AllnP current blocking layer 16 and the p*type 
Gain P protective layer 15 located in an upper portion of the 
ridge. The active layer 13 is a strained-quantum well active 
layer including an (AlGa)lnP first guide layer gl, a GalnP 
first well layer wl, an (AlGa)InP first barrier layer bl, a 
GbIhP second well layer w2, an (AJGa)InP second barrier 
layer b2, b GalnP third well layer w3 and an (AJGa)!nP 
second guide layer g2. An example of the composition ratio 
in each of the above-mentioned layer will be described later. 

[0040] In the semiconductor laser device shown in FIG. 1, 
an clcclric current injected from the p-type (3a As contact 
layer 17 is confined in tbe ridge portion alone by the n-lype 
AllnP current blocking layer 16, whereby the current Is 
injected in a concentrated manner into the active layer 13 
near a bottom of tho ridge. Therefore, a population inversion 
Male of carrier* required Tor laser oscillation cm he realised 
with on injected current of about several tens of mA. At this 
lime, light emitted by recombination of carriers is confined 
by both of the n-typc (AlGa)TnP first cladding layer 12 and 
the p-typo (AlGa)InP second cladding layer 14 in a direction 
perpendicular to a principal plane of the active layer 13. On 
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the other hand, in a direction parallel with ihc principal ptanc 
of the active layer 13, the light is confined by the o-typo 
AllnP current blocking layer 16 having a smaller refractive 
index than the p-typc (AlGa)JnP second cladding layer 14. 
This makes it possible to provide a semiconductor laser 
dovice using a ridge as a waveguide (i.e„ of a ridge 
waveguide type) capable of fundamental transverse mode 
oscillation. 

[0041] Further, Ihe semiconductor laser device shown in 
FIG. 1 has a resonator length of, for example, 1100 pm for 
Ihe purpose of reducing an operation current density and 
improving temperature characteristics. A resonator end face 
on the front side from which laser light is extracted is 
provided with a 7% low-icaectjvity coaling, while an end 
face on the rear side is provided with a 95% high-reflectivity 
coating. As shown in FIG. 2, the light intensity distribution 
in the resoonlor direction is front-rear asymmetrical inside 
Ihe resonator, where the light intensity distribution on the 
front end face side is about twice as high as that on the mar 
end face side. In this case, the front end face portion having 
a higher light density ncccfe more stimulated emission Hgbt 
than tbe rear end face portion having a lower light density. 
In order to generate more stimulated emission light, a larger 
number of olec iron -hole pairs are necessary in the active 
layer. Thus, the active layer in the from end face portion 
needs a larger number of electron-hole pairs than lhai in the 
rear end face portion. 

[0042] If the ridgo width is constant along the resonator 
direction, a current is injected uniformly in the resonator 
direction. As a result, when tbe light output exceeds i certain 
value, in a high output state, the supply of Ihc olcctroo-bolc 
pairs becomes insufficient in the active layer in ihc front end 
race portion, so that the gain is saturated, since the front end 
face portion provided with a low-reflect ivily coaling needs 
a larger number of electron-bole pairs. 

[0043] In contrast, herein, the structure will he examined 
in which the ridge width is changed along the resonator 
direction in such a manner as to increase in the portion 
roquiring a larger number of clectron-hok pairs so that more 
current can he injected easily. When Rf indicates tbe reflec- 
tivity of tbe from end face, Rr indicates that of the rear end 
face and L indicates the resonator length, a point at which 
the lighl density is smallest in the resonator direction gen- 
erally is ol a distance U expressed by UcLog,(RfyLog,(Rfx 
Rr) from the front end race. For example, if a front end face 
of a device having a resonator length of 1 100 is provided 
with 1% low-reflectivity coating and a rear end face thereof 
is provided with 95% high-reflectivity coating, then the lighl 
density at a distance of 1079 ^m from tbe front end face 
along the resonator direction is smollcst as shown in FIG. 2. 
The ridge width in the resonator direct ion is changed accord- 
ing to this light intensity distribution such thai the ridge 
width decreases in keeping with the lighl density. 

[0044] The ridce width may be changed so thai a rale of 
change in the ridge width along the resonator direction is a 
difTerenilal continuation as shown in FIG. 3A, or it may be 
changed b'nea rly as shown in FIG. 3B. In FIG. 3 A and FIG. 
3B, the ridgo width on the rear end face side with respect to 
the position at which the light density is smallest is constant. 
As long as the position (PI) at which tbe light density is 
smallest, mat w, the posilion ol the distance U from the front 
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end face is at a distance of not greater than 200 from the 
rear end face, the ridge width bclwccn PI and Ihc rear cod 
race may be constant 

[0045] It is desirable that a distance Ll from the front end 
face to a position at which tac width of the ridge is minimal 
is equal substantially to Lt. However, if a difference between 
Ll and U is within 200 «m, practically tolerable character- 
istics can be obtained. 

[004<>] In the cbsc of producing the laser resonator by 
cleavage, by providing a region in which the ridge width is 
constant From the end face of the laser to the inside of Ihc 
resonator, it becomes possible to suppress the variation in 
ihc ridge width in the laser end face portion caused by the 
variation in ckavage position*. Since the ridge width influ- 
ences the degree of a radiation angle of laser light. & is 
possible to stabilise the radiation angle of the laser light by 
providing the region in which the ridge width ia constant 
from the end face of the laser to the inside of the resonator. 
In general, the accuracy of the cleavage position is within 
several micrometers. Accordingly, by providing at least 5 
jHm of the region with constant ridge width in I he laser end 
face portion, it becomes possible to suppress the variation In 
the laser radiation angle due to the variation in the cleavage 
positions. 

(0047] Now, FIG, 4 shows the change in a differential 
efficiency in current-light output with respect to the change 
in the ridge width (Ws) at the position where the light 
intensity in the resonator direction (s smallest in the case 
where the ridge botlom in Ihe front end face portion has a 
width of 3 ffm and the front end Thco and the rear end race 
have a reflectivity of 1% and 95%, respectively. The ridge 
bottom in the rear cno>face portion is set to be the same as 
Ws. As shown in FIG. 4, it is found that the differentia) 
efficiency improves with a decrease in Wa. 

[0048] In an example based on Ihe present embodiment, 
ihc width of the ridge bottom in the front end face portion 
was set to be 3 ^m, i hat at a distance of 1079 /an from the 
from end Tace alonx ihe resonsmr direction was set to he 2.3 
,«n, and that in the rear cod face portion was set to be 2.3 /itn. 
The ridge width was changed linearly AS shown in FIG. 3B. 

[0049] In the semiconductor laser device shown in FIG. 1, 
ibe thickness, the composition, the composition ratio and the 
electrical conductivity type of each layer can be set to any 
values within a usually practiced range. They may be set 
freely based on the characterisu'es required for a semicon- 
ductor laser device. For example, each layer can be set to 
have a thickness, a composition and a composition ratio 
listed below. The volucs inside parentheses indicate the 
thickness of respective layers, and the same reference 
uvmorals as in FIG. 1 arc used 10 facilitate understanding. 

[0050] Examples of the composition ratio and the thick- 
ness of each layer are as follows: n-typc GaAs buffer layer 
11 (0.5 *rn), n-typc (AJ a ,Ga 0 .j) 0 . 51 lno.4cF first cladding 
layer 12 (1.2 //m), p-rype (Al 0i - I Ga 0 . 3 ) a 3 1 Iii 0 .^P second 
cladding layer 14, p-typc Oa^jIrio^P protective layer IS 
(50 nm) and n-lypo On A* cunt net layer 17 (3 ^m). An 
example of the active layer 13 is a strained-quantum well 
active layer including an (Al^Ga^)^ 10^^(50 nm) first 
guide layer gj, a Ga tt Jn a52 P (5 nm) first well layer wl> an 
(Al o .sGa a ;) o .s)l0o.4<>P (5 nm) first barrier layer bl, a 
Gao.HaIne.aiP (5 nm) second well layer w2. an 



(^ojcGao.aVjjIrio^gP ( 5 nm ) ^cond barrier layer b2, a 
G a o,44 In o.j2P (5 ran) third well layer w3 and an 
(Alo^Gao^p sl Tn 0 (50 nm) second guide layer g2. 

[0051] An example of the p-type {^(j^^^p 
second cladding layer T.4 is set to havo a distance between 
the p-lype GaTnP protective layer 15 in the upper portion of 
the ridge and the active layer 13 is 1 J2 fan and a distance dp 
between the ridge bottom and the active layer shown in FIG. 
1 is 0.2 ,wn. An example of the thickness of the o-typc AUnP 
current blocking layer 16 is 0.7 mm. En this example, the 
upper surface of the ridge is thinner by about 1 fm than the 
bottom of the ridge. 

[0052] The active layer 13 is not limited to the strained- 
quantum well active layer as illustrated in the above 
example. For example, a non-slrained-quantum well active 
layer or a bulk active layer may be used. Furthermore, there 
is do particular limitation on the conductivity type of the 
active layer 13. The active layer 13 may be of a p-typc Or an 
n-typc. It also may be an undoped active layer. 

[0053] Furthermore, as In the example described above, i f 
a current blocking layer transparent to oscillating laser light 
is used, it is possible to reduce a waveguide loss and aJso 
lower an operation current value. In this case, the distribu- 
tion of light propagating through a waveguide can penetrate 
the current blocking layer greatly. Therefore, it also is 
possible to set tbc difference (An) between the effective 
refractive index inside the stripe region and that outside the 
stripe region to he on the order of 10" 3 . Furthermore, An can 
be controlled minutely by regulating ihe distance dp 
between the ridge bottom and the active layer shown in FIG. 
I. In this way, it is possible tQ achieve a semiconductor la*cr 
device that has a lowered operation current value, and is 
capable of oscillating stably up to a high output state. The 
range of An is, for example, from 3x10^ to 7xl0 -a . In this 
range, the semiconductor laser device is capable of a stable 
fundamental transverse mode oscillation up to a high output 
suite. 

[0054] In tbc semiconductor laser device of the present 
embodiment, the difference between the minimum width of 
the ridge bottom and the maximum width thereof may be 
equal to or smaller than 0.5 /mi. With such a structure, an 
increase in the waveguide loss accompanying the change in 
the light intensity distribution is suppressed, thus providing 
a semiconductor laser device with less waveguide loss. 

[0055] Moreover, in the semiconductor laser device of the 
present embodirncnl, the active layor near the end face may 
be disordered by diffusing impurilics. With such a structure, 
the band gap of the active layer near the end face can be 
increased, thereby obtaining an end face window structure 
thai is more transparent to laser light. Consequently, it is 
possible in provide a semiconductor laser device that docs 
not cause an end face breakage (so-called COO) easily even 
in a high light output slate. 

[0056] The impurities to be diffused may be, for example, 
Si, Zn, Mg or O. Tbc amount of difluscd impurities (the 
doping; amount) ranges, for example, from lxlO 17 cm"' to 
1x10 cm" 3 . The impurities may be diffused in the range of, 
for example, 10 to 50 fan from the end face of the semi- 
conductor laser device. 

[0057] Next* with respect to a. semiconductor laser device 
having a cross-sectional structure and a composition ratio 
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that are similar to those iq the example shown in FIG. J, the 
relationship between a maximum light, output and a smallest 
width of the ndgc bottom at the lime of pulse driving was 
examined. The results arc Shown in FIG. 5. The condition of 
laser light oscillation was such that the icmpcraiurc of the 
semiconductor laser device was 75° C, the pulse width was 
X00 ds and the duty ratio was 50%, 

[00S&] As shown in FIG. 5, when the smallest width Ws 
of the ridge bottom exceeded 2.4 /im, the maximum light 
output was determined by a light outpul at which a kink 
occurred. It was also found that, as Ws increased, the light 
output at which kink occurred lowered. On the other hand, 
when Ws decreased to 2.4 /*m or smaller, the Kgbl output 
was restricted due to thermal saturation, though the kink did 
not occur. It was found that, until Ws reached 2.2 /iro, the 
h'&ht output at which the thermal saturation was caused 
increased. When Ws became smaller than 22 (tin* there was 
a tendency Tor the tight outpul at which the thermal satura- 
tion was caused to decrease owing 10 an increase in a 
differential resistance Rs. These results show thai the occur- 
rence of kink is suppressed to a practically tolerable degree 
when Ws ranges from 1.0 to 2,6 fitn, thus achieving a 
.semiconductor laner device with a high thermal saturation 
level. 

[0059] In the semiconductor laser device of the present 
embodiment, the minimum width of the ridge bottom Ws 
can be set to range from 1.6 to 2.5 /*m. With such a structure, 
it is possible to suppress the occurrence of spatial hole 
burning of carriers in a region where the ridge bottom is 
narrowest. Thus, a semiconductor laser device in which the 
occurrence of kink is suppressed up to a higher output level 
can he provided. 

[0060) Furthermore, in the semiconductor laser device of 
the present embodiment, the largest width of the ridge 
bottom can beset to 2.4 to 3 fan, With such a structure, it is 
passible to out off a m'gher-order transverse mode more 
effectively while suppressing an increase in the differential 
resistance Rs in a region where the ridge bottom is widest. 
Consequently, a semiconductor laser device capable of a 
fundamental transverse made oscillation up to a higher 
output level can be provided. 

[006 1] Using a line a, FIG. 6 illustrates current-light 
output characteristics of a sctmeondiicior laser device in an 
example based on the present embodiment at room tempera- 
ture in CW mode. In this figure, a line b indicates the 
current-light outpul characteristics of a conventional semi- 
conductor laser device having a resonator length of 1 100 
and a constant ridge width of 2.8 }*m along the resonator 
direction. In the case of the conventional semiconductor 
laser device, the kink occurs at about 120 mW. On the other 
hand, the semiconductor laser device of the example of the 
present invention shows current-light outpul characteristics 
with an excellent linearity up to 200 mW or more. The 
reasons there for follow. In the example of the present 
invention, the ridge width is cbaoged along the resonator 
direction in Ktic-h u manner as la decrease at the position 
where the light intensity is minimal in the rcsooiror direc- 
tion, allowing more electron-hole pairs to be injected in a 
high light density portion of the active layer so that the 
saturation of the gain docs not occur easily up to a high 
output stale, thus achieving a high thermal saturation tcvcl. 



Also, the narrow portion of the ridge suppresses a higher - 
order transverse mode oscillation, thus suppressing the 
occurrence uf the kink. 

[0062] Now, tho method for manufacturing the semicon- 
ductor laseT device having the above-described structure will 
be described with reference to PIGS. 7A to 7F» which ore 
sectional views showing exemplary processes of the manu- 
facturing method. 

[0063] First, as shown in FIG. 7A, An n-typ« GaAs buffer 
layer 11 (0.5 /«n) t an n-type (AlGa)InP first cladding layer 
12 (1.2 jim), an active layer 13, a p-typc (AJGa)InP second 
cladding layer 14 and a p-typc GalnP protective layer 15 (50 
nm) arc formed on an n-type GaAs substrate 10 having a 
plane tilted by 10° in a [011] direction from a (100) plane as 
a principal plane. Numerals in the parentheses indicate the 
thicknesses of respective layers. Although the description of 
the composition ratio of each layer will be omiUcd here, it 
may be similar to that in the example illustrated in the first 
embodiment, for example. The active layer li may be 
similar to thai in the example of the straincd-quanrum well 
active layer illustrated in the first embodiment, for example. 
When forming each layer, it is possible to use MOCVD or 
MBE. for example. 

[0064] Next, as shown in FIC> 7B, a silicon oxide film 18 
is deposited on the p-typc Gain? protective layer 15 # which 
is an uppermost layer of the layered body of the above 
layers. It may he deposited by, for example, thermal CVD (at 
atmospheric pressure, at 370° C). The thickness thereof is 

0.3 /im, for example. 

[OflflS] Then, a region near each of the end faces of the 
Silicon oxide film 18 (for example, a region that is $0 ftm 
wide from each end face) is removed (not shown) so as to 
expose the p-typc GalnP protective layer IS. Subsequently, 
impurity atoms such as Zn are thermally diffused into this 
exposed portions, thus disordering the region near each oF 
the end faces of the active layer 13. 

[0066] Thereafter, as shown in FIG. 7C. the silicon oxide 
film 18 is patterned into a predetermined shape. The pat- 
terning may be carried out by combining photolithography 
and dry etching, for example. For instance, the above-noted 
predetermined shape may be the same as the ridge shape in 
the semiconductor laser device illustrated in the first 
embodiment. In other words, it is appropriate to pattern the 
silicon oxide film 18 lmo the ridge shape shown in FIG. 3A 
or3B, for example. Subsequently, using the patterned sit icon 
oxide film 18 as a mask, the p-typc GalnP protective layer 
15 is etched selectively using a hydrochloric acid-based 
ctchant or the like, and the p-type AJGalnP second cladding 
layer 14 is further etched selectively using a sulfuric acid- 
hascd etchanl* a hydrochloric acid-hascd etchanl or the like, 
thereby forming a rncsa-sbaped ridge. 

[00671 Next, as shown in FIG. 7D, using tho sflicou oxide 
film 1* as a mask, an n-type AllnP current blocking layer 16 
is grown selectively on the p-typc AlGalnP second cladding 
layer 14. Tuc thickness thereof is, for example, 0.7 fan. The 
growing method may be MOCVD, tor example. 

[0O68] Then, as shown in FIG. 7E, the silicon oxide film 
18 is removed using a hydrofluoric acid-based etchanl or the 
fake. Subsequently, as sbowrj in FIG. 7F, a p-typc GaAs 
contact layer 17 is deposited using MOCVD, MBE or the 
like. Finally, the device is cleaved intD a desired resonator 
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length, and then ihc from end face and the rear end face arc 
cooled with a dielectric film of amorphous Si, Si0 2 , Al a 0 3 
nr the like Ml an tn Achieve a desired reflectivity. 

Second Embodiment 

[00*9] An optical pickup apparatus in the second embodi- 
ment will be described with reference to FIGS. R and 9. The 
apticnl ptdcup apparatus of the present embodiment includes 
the semiconductor laser device in the Bbovodescribed 
embodiment and a pbotodctcctor portion for receiving light 
that is emitted from Ihc semiconductor laser device and tben 
reflected by a recording medium. 

[11070] FlUr 8 » a sectional view showing an example or 
the optical pickup apparatus in ihe present embodiment . This 
optical pickup apparatus h*s a con figuration in which a 
semiconductor laser device 20 is placed on a supporting 
Kubttrate 21 and i photodelecior clcmcm 22 is formed on the 
supporting substrate 2t The supporting subslraic 21 has n 
step portion, and the semiconductor laser device 20 is fixed 
to a lower surface of this supporting substrate 21 via a base 
23. An optical clement 24 k formed on an inclined surface 
of Ihe step portion, The photudctector clement 22 is Tormed 
on & higher surface of the supporting substrate 21. 

[0071] The optical clement 24 reflects laser light 25 emit- 
ted from the semiconductor laser device 20 in a direction 
normal to the surface of Ihe supporting substrate 21. The 
optical element 24 is formed by, for example, processing the 
surface of the supporting substrate 21 by wet etching such 
that a crystal orientation appears. The pnotodctcctor clement 
22 may be, for example, a photodiodc. The semiconductor 
laser device 20 is disposed on the base 23 in order to 
Suppress u re/lection of the laser light 25 by the surface of 
ihc support ing substrate 21. 

[0072] In this optical pickup apparatus, the photodelccfor 
portion 22 and the semiconductor laser device 20 serving as 
a bgm-cmiUirjg portion are integrated onto a single support- 
ing substrate 21, making it easier to miniaturize an optical 
pickup apparatus. Furthermore, since the semiconductor 
laser device 20 achieves a stabilised optical axis of FFP (Far 
Field Pattern) and is capable of a fundamental transverse 
mode oscillation up to a high outpui state, it is suitable for 
an optical pickup apparatus that can be used with optical 
disks in various formats such as DVDs. 

[0073] FTG. 9 is a sectional view showing another 
example of the optical pickup apparatus in ihe present 
embodiment. In this optical pickup apparatus, a substrate 26 
has a flat surface, and the semiconductor laser device 20 is 
disposed on the same surface as that oo which the photo- 
detector clement 22 is formed. A reflecting mirror 27 for 
reflecting the laser light 25 emitted from the semioonductor 
laser device 20 In a direction normal to the surface of the 
substrate 26 is disposed on the substrate 26 and between the 
semiconductor laser device 20 and the pbotodetcctor ele- 
ment 22. With such a configuration of the optical pickup 
apparatus, it is possible to obtain an effect similar to that of 
the opiicM pickup apparatus shown in FIG. 8. 

[0074] AS described above, with the configuration of the 
optical pickup apparatus according to the present embodi- 
ment, the optiotl axis of FFP is stabilized, allowing ao 
operation tn a fundamental transverse mode oscillation up to 
a high outpui state. 
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[0075] Abo, the optical pickup apparatus in too present 
embodiment further may include a light-branching portion 
Tor branching the lighl reflected by the recording medium so 
that the photodctector portion receives the reflected light 
branched by the light-branching portion. 

[0076] Moreover, the semiconductor laser device and the 
photodetector portion do not have to be disposed on a single 
subslraic. However, it i* more preferable that ibey are 
disposed on a single substrate because the optical pickup 
apparatus can be miniaturized farther. Also, the optical 
clement for reflecting ihe lighl emitted from the semicon- 
ductor laser device in the direction normal to the surface of 
the substrate need not be provided on the substrate, 

[0077] Although the above embodiments were directed to 
an example of the GaAllru? semiconductor laser device, 
other compositions and structures also allow an application 
of the present invention as long as it is A ridge-waveguide 
type semiconductor laser device. 

[0078] The invention may be embodied in other specific 
forms without departing from the spirit or essential charac- 
teristics thereof. The embodiments disclosed in this appli- 
cation arc to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated by 
the appended claims rather than by the foregoing descrip- 
tion, all changes that come within ihe meaning and range of 
equivalency of the claims arc intended to be embraced 
therein. 

1. A semiconductor laser device having a striped structure 
for injecting carriers, comprising: 

a first electrics lly-conduclivo cladding layer; 

an active layer; and 

a second electrically-conductive cladding layer; 

wherein the first electrically-conductive cladding layer, 
the active layer and the second electrically-conductive 
cladding layer am formed on a substrate, and 

a width or Ihc stripe changes along a resonator direction, 
a difference between Ll and U is wiibin 200 ^m, and 
Rf^Rr, where Ll is a distance from a front cod face to 
a position at which the width of the stripe is minimal, 
L is a length of a resonator of the semiconductor laser 
device, Wf is a reflectivity of the front end face, Rr IS a 
reflectivity of a rear cod face, and Lt is a distance 
cxprcssod by LxLog t (RQ/Lxig,(RfxRr). 

2. A semiconductor laser device having a striped structure 
for injecting carriers, comprising: 

» first electrically-conductive cladding layer; 

an active layer; and 

A second elcctrically-conductfvc cladding layer; 

wherein Ihe first ekctrically-conductive cladding layer, 
the active layer and the second etoctrically<ooductive 
cladding layer arc formed on a substrate, and 

Ihc semiconductor laser device has a region in which a 
width of (he stripe decreases continuously from a front 
end face to a rear end face, a difference between Ll and 
Lt is within 200 ^m, and Rf<Rr, where Ll is « distance 
from the front end face to a position at which ibe width 
of the stripe is minimal in the region in which the width 
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of the stripe decreases continuously, L is a length of a 
redone tar of ipo semiconductor laser device, Rf b 0 
reflectivity of the front end face. Rr is a wReciivily of 
the rear end Face, and U is a distance expressed by 
LxLog^RO/Log.O^Rr). 

3. Tbc semiconductor laser device according to claim 1, 
having regions near the front end face and the rear end face 
in which the width of the stripe is constant from the front end 
foLx and the rear end face to an inside or Lhe rcsonAtm-, 

4. Tbc semiconductor laser device according to claim 1» 
w herein tbc LI is substantially equal to Lt. 

5. The semiconductor laser device according lo claim 1, 
wherein the active layer near al least one of the front end 
face and the rear end face is disordered by diffusing impu- 
rities. 

6. An optical pickup apparatus comprising; 

the semiconductor laser device according to china 1; and 

a light -receiving portion for receiving light that is emitted 
from the semiconductor loser device and then reflected. 

7. The optical pickup apparatus according to claim 6, 
further comprising a right- hranching portion for branching 
the reflected light, 

wherein the light -receiving portion receives the reflected 
light branched by the light-branching portion. 

8. The optical pickup apparatus according to claim 6. 
wherein the semiconductor laser device and tbc light-receiv- 
ing portion are disposed on a single supporting substrate. 
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9. The optical pickup apparatus according to claim 6, 
wherein the semiconductor loser device is disposed on a 
supporting substrate, and an optical Clement is provided so 
as to reflect the light emitted from lhe semiconductor laser 
device in a direction normal lo a surface of the supporting 
substrate. 

10. The optical pickup apparatus according to claim 9, 
wherein tbc optical element is a reflecting mirror. 

11. The semiconductor laser device according to claim 2, 
having regions near tbc front end face and the rear end £ncc 
in which the width of the stripe is constant from lhe front end 
face and the rear end face to an inside of the resonator. 

12. The semiconductor laser device according to claim 2, 
wherein die Ll is substantially equal to LL 

13. The semiconductor laser device according to claim 2» 
wherein lhe active layer near at least one of the front end 
face and the rear end face is disordered by diffusing impu- 
rities. 

14. An optical pickup apparatus comprising: 

the semiconductor laser device according to claim 2; and 

a light-receiving portion for receiving tight that is emitted 
from the semiconductor toscr devioc and then reflected. 

• * * * a 
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